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AMERICAN    RAILROAD   BRIDGES. 


By  Theodore  Coopee,  M.  Am.  Soc.  C.  E. 


The  existing  and  the  accepted  types  of  bridges  in  use  to-day  ou 
American  railroads  being  the  results  of  a  true  evolution,  no  attempt  to 
present  them  intelligently  would  be  complete  without  a  brief  sketch  of 
the  past  history  of  bridges  in  America. 

The  rapid  development  of  the  new  world  and  the  enormous  number 
of  bridges  that  has  been  built  within  the  limits  of  the  nineteenth 
century,  have  furnished  us  with  a  wide  experience,  from  which  we  have 
been  able  to  select  the  good  and  reject  much  that  was  bad  or  undesirable. 

The  pioneer  life,  not  only  of  the  earlier  settlers,  but  of  each  genera- 
tion to  the  present  day,  has  developed  to  a  high  degree  the  energies, 
ingenuity  and  self-reliance  of  the  American  people.  These  pioneers  were 
compelled  to  be  men  of  all  trades.  Their  limited  resources  and  the  lack 
of  time  or  opportunity  to  seek  for  i^ast  precedents,  impelled  them  to 
solve  each  problem  anew.  They,  "thought  with  vigor  and  were  not 
fettered  with  the  trammels  of  science,  before  they  were  capable  of  ex- 
erting their  mental  faculties  to  advantage,"  as  Sir  Joseph  Banks  wrote 
to  Thomas  Paine  in  1788, 


2  COOPER   ON    AMERICAN    RAILROAD    BRIDGES. 

Having  no  educated  "lines  of  least  resistance,"  tliey  were  better 
able  to  solve  the  many  problems  before  them  by  new  and  novel 
methods. 

The  bridging  of  small  streams  was  a  part  of  the  pioneers'  labor. 
The  crossing  of  the  larger  rivers  develojjed  specially  gifted  men,  like 
Timothy  Palmer,  Theodore  Burr,  Lewis  Wernwag,  and  others  less  well 
known,  who  built  timber  bridges  that  are  looked  upon  as  wonderful 
structures,  even  to  the  present  day.  The  records  of  the  early  bridges 
of  America  are  very  incomplete,  but  enough  remains  to  show  what  ad- 
mirable work  these  early  bridge  builders  could  do. 

1.  Wooden  Beidges. 

The  earliest  bridges,  where  single  timbers  were  not  sufficient  to 
stretch  from  bank  to  bank,  were  short  spans  supported  on  piles,  or, 
where  these  could  not  be  used,  on  timber  cribs  fi^lled  with  stone.  Where 
the  conditions  would  not  allow  of  structures  of  this  character,  arch  spans 
were  usually  adoi)ted. 

In  1660,  "The  Great  Bridge,"  as  it  was  then  called,  was  built  across 
Charles  Eiver,  between  Old  Cambridge  and  Brighton.  It  was  a  pile 
bridge. 

In  1761  Samuel  Sewall  planned  and  bixilt  a  bridge  over  York  River, 
Maine,  270  feet  long,  supported  on  thirteen  piers.     Rebuilt  in  1793. 

In  1786  Mr.  Sewall  built  a  bridge  over  the  Charles  River,  at  Boston, 
1  503  feet  long,  sui^ported  on  seventy-five  piers.  A  year  or  so  later 
bridges  on  the  same  plan  were  built  at  Maiden  and  Beverly,  Mass. 

In  1792  Colonel  William  P.  Riddle  built  the  Amoskeag  Bridge  at 
Manchester,  N.  H.  It  was  556  feet  long,  and  supported  on  five  jiiers  and 
two  abutments.  It  was  commenced  on  the  3d  of  August,  "at  which 
time  the  timber  was  growing,  and  the  rocks  dispersed  in  the  river,"  and 
completed  on  September  29th. 

Between  1785-92  Colonel  Enoch  Hale  built  over  the  Connecticut 
River,  at  Bellows  Falls,  a  bridge  368  feet  long,  in  two  spans,  taking 
advantage  of  a  rock  in  the  middle  of  the  river  for  his  c-enter  i)ier.  The 
West  Boston  Bridge  over  the  Charles  River,  3  583  feet  long,  and 
supported  on  one  hundred  and  eighty  i)ile  bents,  was  finished  in  1793. 

Near  the  end  of  the  eighteenth  century  a  bridge  was  built  over  Cayuga 
Lake,  N.  Y.  It  was  a  pile  bridge  in  25- foot  spans,  one  mile  in 
length. 
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In  1795  a  bridge  was  T)iiilt  over  the  Mohawk   River,  960  feet  long, 
supported  on  thirteen  piers. 

In  1792  Timotliy  Palmer  built  the  Essex-Merrimack  Bridge  over  the 
Merrimack  River  at  Deer  Island,  about  3  miles  above  Newburyport, 
Mass.  It  consists  of  two  bridges  resting  on  Deer  Island  in  the  midst  of 
the  river  (Plate  I).  "An  arch  of  160  feet  span  and  40  feet  above  the 
level  of  high-water  connects  this  island  with  the  mainland  on  one  side; 
the  channel  on  the  other  side  is  wider,  but  the  center  arch  is  but  113 
feet."  That  part  of  the  bridge  on  the  Newbury  side,  the  160- foot  span, 
was  removed  in  1810  and  replaced  by  a  chain  suspension  bridge.  The 
part  on  the  Salisbury  side  remained  until  1883.  The  chain  bridge  was 
built  by  John  Templeman,  of  the  District  of  Columbia.  "  It  was  the 
first  chain  bridge  built  in  New  England."  Its  span  is  244  feet  between 
bearings  on  towers;  the  towers  are  timber  frames  covered  with  boards 
and  shingles.  February  6th,  1827,  one  of  the  chains  broke  under  a 
heavily  loaded  wagon  drawn  by  four  oxen  and  one  horse.  The  bridge 
was  again  rebuilt,  and  is  still  in  use.  The  bridge,  as  it  now  exists, 
consists  of  two  independent  roadways,  each  15  feet  6  inches  wide. 
Each  roadway  is  supported  on  two  sets  of  chain  cables,  each  set  being 
composed  of  three  chains.  These  chains  seem  to  have  been  repaired 
in  many  places  with  different  sized  links.  The  chains  generally  are 
formed  of  links  about  2  feet  long,  made  of  1-inch  square  iron.  For 
about  6  feet  over  the  bearings  on  the  towers,  each  chain  is  spliced  or 
replaced  by  three  smaller  chains  with  links  about  1  foot  long,  and 
of  about  i-inch  square  iron.  The  floor  is  hung  from  these  chains 
every  7  feet  by  suspenders,  formed  indifferently  of  bars  1  inch  square, 
straps  2  X  i  inch,  or  pieces  of  chains  (Plates  II  and  III). 

In  1793  Timothy  Palmer  built  another  bridge  over  the  same  river 
atAndover.     Rebuilt  in  1803. 

In  1794  he  biiilt  the  Piscatauqua  Bridge,  7  miles  above  Portsmouth, 
N.  H.  It  was  2  362  feet  long.  The  greater  jiart  consisted  of  pile 
work. 

"But  that  part  which  engages  the  attention  of  travelers,  is  an  arc 
nearly  in  the  center  of  the  river,  uniting  two  islands  over  water  46  feet 
deep.  This  stupendous  arc  of  244  feet  chord  is  allowed  to  be  a  masterly 
piece  of  architecture,  planned  and  built  by  the  ingenious  Timothy 
Palmer,  of  Newburyport,  Mass." 

"The  chord  of  this  arch  is  244  feet  6  inches.  The  versine  of  the 
arch  was  27  feet  and  4  inches,  and  depth  of  the  frame-work  of  the  arch 
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18  feet  and  3  inches.  There  are  three  concentric  ribs,  the  middle  one 
carrying  the  floor  of  the  bridge;  they  were  selected  from  crooked  tim- 
bers, so  that  the  fiber  might  run  nearly  in  the  direction  of  the  curves, 
and  are  connected  together  by  i:)ieces  of  hard  and  incompressible  wood, 
with  wedges  driven  between,  the  ribs  being  mortised  to  receive  them; 
thus  the  ribs  are  kept  at  a  regular  and  parallel  distance  from  each  other. 
Each  rib  is  formed  of  two  pieces  laid  side  by  side  about  15  feet  iu 
length;  they  are  all  disposed  in  such  a  manner  as  to  break  joints,  the 
end  of  one  timber  coming  in  the  middle  of  the  length  of  the  other 
which  is  near  it;  their  ends  all  abut  with  a  square  joint  against  each 
other  and  are  neither  scarfed  nor  mortised,  the  two  pieces  of  timber 
being  held  together  by  transverse  dovetail  keys  and  joints;  all  the  tim- 
bers are  admirably  jointed  and  freely  exposed  to  the  action  of  the  air; 
any  piece  may  also  be  removed  in  case  of  its  requiring  sei^aration  with- 
out injury  to  the  rest  of  the  structure." 

The  bridge  was  38  feet  wide  and  had  three  arched  trusses.  Another 
description  states  that  the  second  rib  carrying  the  floor  of  the  bridge 
was  of  a  larger  radius  than  the  lower  to  facilitate  the  traveling;  the 
upper  rib  served  for  a  railing. 

In  1794  the  bridge  at  Haverhill  was  built  by  Timothy  Palmer, 
"  contemporaneous  with  the  first  stage  coach  and  the  first  newspaper." 
It  consisted  of  three  arches  of  180  feet;  each  is  supported  on  three  hand- 
some piers  40  feet  square;  it  had  as  many  defensive  jjiers  or  sterlings 
extending  50  feet  above  and  a  draw  30  feet  over  the  channel. 

In  1796  he  built  a  bridge  over  the  Potomac  Eiver,  at  Georgetown. 

In  1796  Eufus  Graves  built  a  bridge  over  the  Connecticut  Kiver,  at 
Hanover,  N.  H.,  consisting  of  a  single  arch  of  236  feet.  He  patterned 
his  bridge  after  the  Piscatauqua  Bridge  built  by  Palmer.  The  roadway 
followed  the  line  of  the  arch  and  was  some  twenty  feet  higher  at  the 
center  than  at  the  abutments.  The  bridge  was  formed  of  the  largest 
selected  white  pine,  hewed  to  18  inches  square,  some  of  them  60  feet 
long.  This  bridge  fell  in  1804,  without  warning,  and  by  its  own  weight; 
its  destruction  being  hastened  by  the  undermining  of  one  of  the  abiit- 
ments,  through  deficient  waterway.  The  builder  of  this  bridge  studied 
divinity^  graduated  at  Dartmouth  College,  became  a  merchant,  then  a 
bridge  builder,  then  an  officer  of  the  United  States  Army,  and  finally  a 
jihysician. 

In  1795  a  bridge  was  erected  at  Holt's  Eock,  between  Newbury  and 
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Haverhill.  It  was  1 000  feet  in  length  and  consisted  of  four  arches  and 
one  draw-span.     It  was  carried  away  by  the  ice  in  1818. 

In  1796  a  bridge  was  built  between  Harlem  and  Morrisania,  over  the 
Harlem  River, 

About  the  end  of  the  last  century  a  bridge  Avas  built  at  "Windsor, 
Yt.,  with  two  spans  of  144  feet,  and  one  at  Romlej,  Mass.,  consisting 
of  8  arches  of  a  total  length  of  870  feet;  one  at  Howland's  Ferry,  R.  I., 
900  feet  long,  with  a  sliding  draw,  supported  on  42  pile  bents,  and  the 
Weybasset  bridge  at  Providence,  R.  I.,  "160  feet  long,  supported  by 
two  wooden  trestles  and  two  stone  pillars." 

There  were  also  two  bridges  over  the  Lehigh  River,  one  at  Bethlehem 
and  one  at  Easton. 

These  are  the  records  as  I  have  been  able  to  gather  them,  of  bridges 
of  any  importance  built  in  the  eighteenth  century. 

From  1804  to  1806  "The  Permanent  Bridge"   over  the   Schuylkill 

River  at  Philadelphia  was  built.     It  consisted  of  two  arches  of  150  feet 

clear  and  one  of  195  feet  clear. 

"The  plan  was  furnished  by  Mr.  Timothy  Palmer,  of  Newburyport, 
Mass.,  a  self-taught  architect.  He  brought  with  him  Mr.  Carr  as  his 
second  and  four  other  workmen  from  New  England.  They  at  once 
evinced  superior  intelligence  and  adroitness  in  a  business  which  was 
found  to  be  a  peculiar  art,  acquired  by  habits  not  promptly  gained  by 
even  good  workmen  in  other  branches  of  framing  in  wood."  "The 
frame  is  a  masterly  piece  of  workmanship,  combining  in  its  principles 
that  of  king  post  and  braces  or  trusses,  with  those  of  a  stone  arch." 

There  were  three  truss  and  arch  frames.  The  timber  was  of  the  lie-'' 
white  pine.  Width  of  the  bridge,  42  feet.  The  bridge  was  covered '^'^^ 
closed  in  from  the  weather.  Mr.  Palmer  stated  that  from  his  -s;peri- 
ence,  wooden  bridges  uncovered  would  become  unsafe  in  ten  '^o  twelve 
years. 

• '  I  am  an  advocate  for  weather  boarding  and  roofing,  ^-Ithough  there 
are  some  who  say  it  argues  much  against  my  own  in^^'ests;  notwith- 
standing I  am  determined  to  give  my  opinion  as  appep^'S  to  be  right,  it 
is  sincerelv  my  opinion  that  the  Schuvlkill  Bridge  *vill  last  thirty  and 
perhaps  fortv  years  if  well  covered.  You  will  excise  me  m  saying,  that 
I  think  it  would  be  sporting  with  property,  to  suffer  this  beautiful  piece 
of  architecture  (as  you  are  sometimes  pleased  to  call  it),  which  has  been 
built  at  so  great  expense  and  danger,  to  fall  into  ruin  in  ten  or  twelve 
years. " 

Plate  lY  is  copied  from  an  old  engraving.  The  superstructure  was 
entirely  renewed  on  a  more  modern  plan  of  a  wooden  arch  bridge  m 
1850,  and  Avidened  for  also  carrying  a  railroad  track.     The  foundations 
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for  this  bridge  were  very  difficult  of  execution,  owing  to  tlie  lack  of 
experience  at  that  day  iu  work  of  this  kind.  Depth  of  water  at  east  pier 
24  feet,  and  at  west  i^ier  41  feet,  rock  bottom  with  slight  covering.  The 
foundations  were  laid  in  coffer-dams.  Mr.  William  Weston,  an  eminent 
English  engineer,  who  was  in  Philadelphia  at  that  time,  furnished  the 
plan  for  the  coffer-dam;  but  "  declared  that  he  should  hesitate  to  risk 
his  professional  reputation  on  the  event."  Afterwards,  in  a  congratu- 
latory letter  to  the  President,  he  says  : 

"I  most  sincerely  rejoice  at  the  final  success  that  has  crowned  your 
l^ersevering  efforts  in  the  erection  of  the  west  pier  ;  it  Avill  afford  you 
matter  of  well  founded  triumph  when  I  tell  you  that  you  have  accom- 
phshed  an  undertaking  unrivaled  by  anything  of  the  kind  that  Eurojie 
can  boast  of."  "I  have  never,  in  the  course  of  my  experience  or  read- 
ing, heard  of  a  pier  founded  in  such  a  depth  of  Avater  on  an  irregular 
rock  affording  little  or  no  support  to  the  piles." 

This  pier,  however,  was  not  carried  to  the  rock,  for  the  weakness  and 
leakage  of  the  coffer-dam  became  so  threatening,  the  masonry  was  started 
three  or  four  feet  above  the  rock. 

In  1805  Timothy  Palmer  completed  the  bridge  over  the  Delaware- 
River  at  Easton,  Pa.  It  consists  of  three  spans,  163  feet  clear.  This 
bridge,  after  eighty-four  years'  service,  is  still  in  use  and  about  five- 
sixths  of  the  original  timber  is  in  good  condition.  It  has  always  been 
covered  in  from  the  weather.  (See  Plate  V. ) 
\  In  1804,  Theodore  Burr  built  the  Waterford  Bridge  over  the  Hudson 

\Jliver,  consisting  of  four  arch  spans,  one  154  i?et,  one  161  feet,  one  176 
^*'»i,  and  the  other  180  feet,  clear  spans.  The  timber  is  hewn  yellow  pine, 
■'^^^^ridge  was  not  covered  until  1814,  but  is  still  in  use,  and  in  reason- 
ably g'^fi  condition.  (See  Plate  VI.)  The  footings  of  some  of  the  arches 
rec^uired  Vnewal  a  couple  of  years  ago.  The  drawings  of  the  Easton 
and  Waterfo^  bridges  are  mads  from  sketches  taken  from  the  exist- 
ing structured  Burr  also  built  another  bridge  over  the  Hudson  at 
Fort  Miller.         \ 

A  bridge  over  th^onnecticut  Kiver  at  Springfield  was  built  about  this 
same  date  by  Mr.  Walcxjtt. 

From  1804-06,  Theodore  Burr  built  the  bridge  over  the  Delaware 
River  at  Trenton  (Plate  VII)  consisting  of  five  arch  spans,  two  of  203  feet, 
one  of  198  feet,  one  of  18G  feet,  and  one  of  161  feet  in  the  dear.  Each  span 
had  five  arched  ribs,  formed  of  white  pine  plank,  from  thirty -five  to 
fifty  feet  in  length  and  4  inches  thii-k,  repeated  one  over  the  other, 
breaking  joints,   until  they  formed  a  depth  of  32  inches.     Tiie  lower 
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chord  was  composed  of  two  sticks  Gj  x  13j  inclies.  The  roadway  was 
suspended  from  the  arch  ribs  hy  vertical  chains.  The  arch  was  counter- 
braced  by  diagonal  braces,  formed  of  two  sticks  G  x  10  inches  spiked  to 
the  lower  chord  and  secured  to  the  arch  above  by  iron  straps.  Outside 
of  the  exterior  ribs  wing  arches  50  feet  long,  splayed  out  so  as  to  widen 
the  baaring  on  the  piers  and  abutments.  The  bridge  had  no  other 
wind  bracing.  This  bridge  is  erroneously  credited  to  Lewis  Wernwag. 
The  arch  footings  required  renewal  in  1832,  owing  to  decay  of  the 
timber.  In  18i8  the  bridge  was  remodeled  by  removing  the  wing 
ai'ches  and  adtling  a  new  and  stronger  arch  rib  on  the  south  side,  and  at 
the  same  time  strengthening  the  adjacent  old  arch  rib,  by  increasing  its 
depth  to  4  feet,  to  carry  a  railroad  track.  In  18G9  it  was  again 
strengthened.  It  was  finally  removed  in  1875,  and  replaced  by  an 
iron  structure. 

This  bridge  may,  therefore,  be  considered  as  a  connecting  link 
between  the  early  wooden  long-span  bridges  for  highway  traffic  and 
those  for  railroad  purposes. 

In  1808,  Theodore  Burr  built  the  bridge  shown  on  Plate  VIII,  at 
Schenectady,  N.  Y.  This  was  the  second  bridge  built  at  that  place  by 
Burr,  the  first  falling  before  or  soon  after  completion.  The  traditions 
in  regard  to  the  first  bridge  are  not  very  reliable.  The  contract  for  the 
one  shown,  however,  states  that  it  is  to  be  "exactly  on  the  site  of  the 
l)ridge  built  by  the  said  Theodore  at  the  same  place,"  and  apparently 
with  difi'erent  spans,  as  new  piers  are  provided  for,  by  the  contract. 
There  may,  therefore,  be  some  truth  in  the  tradition,  that  the  first 
bridge  was  to  consist  of  two  spans  of  450  feet ;  that  one  span  was 
completed  and  the  other  partially,  when  it  fell  or  was  swept  away 
by  floods. 

The  bridge  shown  is  a  curiosity  in  bridge  construction.  It  is  a  sus- 
IDension  bridge  of  wood.  The  curved  ribs  are  forme!  of  eight  4  x  14- 
inch  planks  spiked  or  bolted  together.  The  planks  are  cut  to  long 
bevels  at  the  ends  for  splicing.  The  ribs  are  three  in  number,  spaced 
about  13  feet  apart.  The  timber  was  Avhite  pine.  The  plan  shown  is 
copied  from  Burr's  original  drawing  attached  to  the  contract. 

The  bridge  was  used  for  twenty  years  in  this  condition.  It  then 
became  necessary  to  build  additional  piei's  under  the  middle  of  each 
span  to  stop  the  excessive  sagging  of  the  bridge.  In  this  condition  it 
stood  till  1873,  when  it  was  replaced  by  an  iron  bridge. 

< 
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From  1812-16,  Theodore  Burr  built  the  bridge  at  Harrisburgh,  Pa., 
over  the  Susquehanna  River,  consisting  of  twelve  sj^ans  of  about  210 
feet.  The  half  of  this  bridge  which  is  south  of  the  Island  still  remains 
in  use. 

In  1812  Lewis  Wernwag  built  his  "  Colossus  "  bridge  over  the  Schuyl- 
kill at  Fairmount,  Philadeli^hia.  (See  Plate  IX.)  It  had  a  clear  span  of 
31:0  feet  3i  inches.  The  eastern  abutment  was  founded  on  the  rock, 
and  the  western  one  on  piles  driven  to  the  rock.  This  bridge  was 
destroyed  by  fire,  September  1st,  1838. 

In  1814,  he  built  the  New  Hope  Bridge,  Plate  IX,  over  the  Delaware 
River,  consisting  of  six  arch  spans  of  175  feet ;  versed  sine  of  arch,  13 
feet.  Each  span  consisted  of  three  arch  ribs,  formed  of  four  sticks  6 
X  15  inches,  dressed  to  the  curve  and  confined  by  iron  clamps  and  bolts. 
Wernwag's  jjractice  was  to  saw  all  his  timbers  through  the  heart,  to 
detect  unsound  wood  and  permit  good  seasoning  of  the  timbers.  He 
used  no  timbers  of  a  greater  thickness  than  6  inches,  and  sej^arated  all 
the  sticks  of  his  arches  by  cast  washers,  to  allow  free  circxilation  of  the  air. 
In  1810  he  built  a  wooden  cantilever  bridge  over  the  Nashammony 
River,  Pa.  He  called  it  his  "Economy"  bridge,  and  claimed  that  it 
could  be  used  to  advantage  up  to  150  feet  spans. 

From  this  date  to  1836  he  built  many  bridges.     In  1830  he  built  his 
first  railroad  bridge  at  Manoguay,  on  the  Baltimore  and  Ohio  Railroad. 
His  last  bridge  was  the  railroad  bridge  over  the  Canal  and  Potomac 
River,  at  Harper's  Ferry,  in  1836. 

The  previously  mentioned  bridges  with  sj^ans  of  any  magnitude 
api^ear  to  have  been  arch  bridges. 

The  first  marked  step  toward  bridges  of  the  modern  truss  form  was 
the  wooden  lattice  bridge,  patented  by  Ithiel  Town,  January,  1820. 
Plate  X. 

The  horizontal  members  or  chords  of  this  bridge  were  composed  of 
two  or  more  parallel  sticks,  spaced  so  that  the  diagonal  web  mem- 
bu's  or  lattice  work  would  pass  between  them.  The  timbers  were  usu- 
ally 2  to  4  inches  in  thickness,  and  10  to  12  inches  wide.  The  web  mem- 
bers were  j^laced  closer  together  for  the  longer  si)aus.  The  chords 
were  also  made  in  two  sets  for  the  longer  spans,  one  placed  above  the 
other. 

The  web  members  at  every  crossing  and  at  their  junction  with  the 
chord  i)ieces  were  fastened  witli  Mooden  treenails. 
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The  timbers  being  of  one  size  and  of  reasonable  dimensions,  were 
readily  obtainable.  The  absence  of  all  bolts,  straps  or  rods  of  iron,  and 
the  simi)licity  of  the  mechanical  operations  recpiired  to  connect  together 
the  parts  of  this  bridge,  made  it  a  cheap  and  popular  structure. 

A  great  number  of  bridges  of  this  class,  up  to  spans  of  220  feet,  were 
built  throughout  the  United  States,  both  for  highway  and  railroad  pur- 
poses.    There  are  many  of  them  stiU  in  existence. 

These  bridges  were  made  of  uniform  section  throughout.  In  order 
to  get  suflScient  sitjiport  at  the  ends,  they  were  usually  extended  over  the 
abutment  a  distance  about  equal  to  their  dejjth,  and  were  made  continu* 
ous  over  all  the  piers. 

From  the  thinness  of  the  wel)  system  the  trusses  were  apt  to  warp, 
and  as  they  aged  they  became  very  flexible,  owing  to  the  want  of  rigidity 
of  the  treenail  connections. 

Mr.  Town  claimed,  at  least  in  his  later  pamphlets  (1831),  that  these 
trusses  could  be  made  of  wood,  wrought  or  cast-iron. 

The  next  stei?  toward  simplicity  and  concentration  of  parts  appears 
to  have  been  the  truss  known  as  the  Long  truss,  patented  by  Brevet-Lieu- 
tenant-Colonel Long  of  the  United  States  Engineers,  in  March,  1830,  and 
November,  1839. 

This  also  was  a  form  of  truss  in  which  iron  did  not  enter  as  a  neces- 
sary part,  the  connections  being  made  by  framing  the  parts  together,  or 
by  use  of  wooden  keys  or  treenails.  Many  bridges  were  built  of  this 
form,  but  it  never  became  widely  popular. 

Both  the  Lattice  and  the  Long  bridges  were  combined  with  the  arch 
in  many  cases,  esi)ecially  for  the  longer  spans. 

No  further  important  advance  in  the  styles  of  the  trusses  was  made 
until  1810,  when  William  Howe  patented  the  truss  which  was  the  basis 
for  the  present  Howe  truss  bridge.     Plate  XL 

This  form  of  truss  grew  rapidly  into  favor,  from  its  simplicity  of  con- 
struction, i^erfection  of  detail  and  satisfactory  action  iinder  service.  For 
some  years  it  has  been  the  standard  form  of  wooden  bridge  in  use  upon 
our  railroads. 

The  chords  and  braces  are  made  of  timber,  and  the  vertical  web  mem- 
bers (tension)  of  round  iron,  with  screw  ends,  usually  upset  to  give 
a  stronger  section  through  the  screw  threads  than  in  the  body  of  the 
rods.  The  chords  are  made  of  uniform  section  throughout,  and  both 
the  top  and  bottom  chords  of  the  same  number  of  timbers,  and  timbers 
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of  tlie  same  width  and  spacing.  Tiie  sticks  of  the  lower  chord  (for 
through  bridges)  are  made  deeper  than  those  of  the  top  chord,  on  ac- 
count of  the  loss  of  section  from  splicing,  the  lower  strains  used  in 
tension  and  to  resist  the  bending  strains  due  to  the  cross  floor  timbers, 
which  rest  directy  on  the  lower  chord.  The  chord  sticks  are  sijaced  two 
or  more  inches  apart,  to  allow  the  passage  of  the  vertical  rods  without 
cutting  away  any  of  the  timber,  to  give  room  for  the  packing  and  splice 
blocks,  and  to  admit  free  circulation  of  air  between  the  timbers.  The 
number  and  length  of  the  chord  timbers  are  arranged  so  that  no  more 
than  one  stick  need  be  spliced  in  any  one  panel  of  the  truss.  The 
chord  sticks  may  be  si^liced  either  with  oak  or  iron  splices. 

The  braces  and  counterbraces  are  square-ended,  and  rest  upon  the 
inclined  faces  of  the  angle  blocks.  They  are  held  from  displacement  by 
lugs  or  dowels.  The  angle  blocks  were  formerly  made  of  oak,  but  now 
are  made  of  cast-iron.  They  are  provided  with  square  faced  projections, 
which  are  let  into  the  chord  timbers,  to  take  up  the  horizontal  shear  of 
the  braces  by  direct  fiber  compression. 

The  "gib  i^lates,"  as  the  plates  on  which  the  nuts  of  the  web  rods 
bear  are  called,  are  usually  made  of  thick,  flat  i^lates  of  wrought-irou. 

The  space  betwesn  the  chord  timbers  below  the  angle  blocks  contains 
cast  tube  blocks,  made  a  little  short  to  allow  for  the  shrinkage  of  the 
timber. 

The  vertical  shear  of  the  braces  is  transferred  through  the  angle 
blocks  and  these  tube  blocks  to  the  gib  jjlates  and  web  rods,  thus 
avoiding  any  crushing  action  across  the  fiber  of  the  wooden  chord 
pieces. 

The  timl)er  in  a  properly  desigaed  Howe  truss  is  only  strained  longi- 
tudinally with  the  fiber. 

The  very  wide  experience  in  this  class  of  bridges  has  enaljled  the 
American  bridge  builders  to  so  proportion  them  in  all  their  details  that 
the  best  results  can  be  obtained  from  the  material  at  a  moderate  cost. 
But  for  the  two  objections,  their  liability  to  destruction  from  fire  or 
from  decay,  no  better  railroad  bridge  up  to  150  feet  simns  could  be 
desired.  For  most  of  our  country  the  cost  of  good  timber  makes  iron 
bridges  the  cheaper,  at  first  cost,  for  spans  over  150  feet. 

Very  few  Howe  truss  bridges  are  now  being  built  upon  the  older 
and  financially  better  roads,  all  wooden  bridges  being  replaced  with 
iron  structures.  % 
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In  April,  1844,  Thomas  W.  and  Caleb  Pratt  patented  the  truss  known 
as  the  Pratt  truss.  It  differed  from  the  Howe  in  making  the  diagonal 
members  of  the  web  system  of  iron  (tension)  and  the  vertical  members 
(comijression)  of  wood,  the  reverse  of  the  Howe  principle.  While  many 
bridges  were  built  upon  this  form,  it  never  succeeded  in  attaining  an 
equal  popularity  with  the  Howe;  as  it  required  a  greater  quantity  of  the 
more  expensive  material,  wrought-iron,  and  was  not  so  well  suited  to 
the  joint  use  of  the  two  materials,  wood  and  iron. 

It  became,  however,  the  favored  form,  afterAvards  adopted,  for  iron 
bridges,  and  is  therefore  one  of  the  steps  in  the  development  of  Ameri- 
can bridges. 

In  addition  to  the  general  forms  of  structures  heretofore  mentioned, 
the  variations  of  these  broad  types  and  other  si^ecial  forms  were  num- 
erous. Each  individual  builder  had  his  own  favorite  at  some  time.  It 
would  be  impossible  and  useless  to  take  up  those  numerous  individual 
cases,  though  they  undoubtedly  served  a  good  purj^ose  in  the  general 
evolution. 

Tlie  development  of  wooden  bridges  was  entirely  empirical.  They 
were  generally  of  uniform  section,  and  their  proportions  determined  either 
from  the  result  of  previous  failures  or  from  the  study  of  models.  The 
advancement  was,  however,  toward  simplicity  of  form  and  construction , 
and  greater  perfection  of  the  details  of  the  connection  of  the  parts. 

2.  Iron  Beidges. 

As  early  as  1786  the  need  of  a  material  for  long  span  bridges,  more 
suitable  than  wood,  engaged  the  attention  of  thinking  men. 

Thomas  Paine,  in  1803,  wrote  as  follows,  giving  an  account  of  hii 

advocacy  and  efforts  toward  the  construction  of  iron  bridges: 

"As  Amei'ica  abounds  in  rivers,  *  *  *  I  turned  my  attention,  after  the 
Revolution  was  over,  to  find  a  method  of  constructing  an  arch  that  might, 
without  rendering  the  height  inconvenient  or  ascent  difficult,  extend 
at  once  from  shore  to  shore  over  rivers  of  three,  four  or  five  hundred 
feet  and  probably  moi'e.  The  principle  I  took  to  begin  with  and  work 
upon,  was  that  the  small  segment  of  a  large  circle  was  preferalile  to 
the  great  segment  of  a  small  circle.  The  architects  I  conversed  with 
in  England  denied  the  principle;  biit  it  was  generally  supported  by 
mathematicians,  and  experiment  has  now  established  the  fact." 

It  should  be  borne  in  mind  that  the  only  iron  bridge  then  in  existence 

in  England  was  the  cast-iron  arch  over  the  Severn  near  Coalbrook  Dale; 

which  arch  was  nearly  a  semicircle,  having  a  span  of  100  feet  and  a  ver- 

sine  or  rise  of  45  feet. 
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Between  1786-87  Paine  made  three  models,  "  one  in  Avood,  one  in  cast- 
iron  and  one  in  wronght-iron  connected  witli  blocks  of  wood  representing 
cast-iron  blocks."  This  is  Paine's  wording;  but  as  the  Wearmouth 
Bridge  was  copied  after  Paine's  model  or  bridge  afterwards  built  from 
this  model,  it  would  be  cleai-er  to  say,  the  last  model  consisted  of 
wooden  blocks  representing  cast-iron  voussoirs,  sisliced  together  by 
wrought-iron  bauds  fitting  into  rece3ses  in  the  blocks  and  secured  by 
screws. 

This  last  model  he  took  to  Paris  in  1787  and  presented  it  as  a  model 
for  an  arch  bridge  of  400-feet  span  to  the  Academy  of  Sciences  for  its 
opinion.  Its  committee,  consisting  of  M.  Le  Roy,  Abbe  Bosson  and 
M.  Borde,  the  last  two  celebrated  mathematicians,  reported  that  an 
arch  ui^on  the  j^rinciple  and  construction  of  the  model  might  be  ex- 
tended to  the  span  proposed — 100  feet.  Paine  then  had  a  couple  of  arch 
ribs  of  90-feet  span  and  5  feet  rise  cast  at  the  foundry  of  Messrs.  "Wal- 
ker, at  Rotheram,  Yorkshire,  and  tested  with  double  their  own  weight. 
On  the  success  of  this  experiment  Paine  had  a  complete  bridge  of  five 
arch  ribs  of  110  feet  span  and  5  feet  rise  made  by  the  same  founders 
and  sent  it  to  London,  *'  as  a  specimen  for  establishing  a  manufactory 
of  bridges  to  be  sent  to  any  part  of  the  world."  Soon  after  this  his 
interest  in  bridges  was  obliterated  by  his  interest  in  the  French  Revolu- 
tion.    His  bridge  was  sold  to  satisfy  his  creditors. 

In  the  memoir  from  which  the  above  information  is  taken,  dated  1803, 
he  projioses  that  the  Congress  of  the  United  States  erect  an  experimental 
arch  of  400  feet  span  "  to  remain  exposed  to  public  view,  that  the  method 
of  constructing  such  arches  may  be  generally  known."  He  offers  to 
furnish  the  proportions  of  the  several  parts  and  to  superintend  its  con- 
struction without  compensation. 

From  this  time  no  further  consideration  seems  to  have  been  given  to 
the  use  of  iron  for  bridges  until  about  1830,  when  Long  and  Town  both 
suggested  that  their  bridges  could  be  made  in  iron  or  wood. 

In  1833  August  Canfield  took  out  the  first  patent  for  an  iron  truss 
bridge. 

The  first  iron  truss  bridge  built  is  believed  to  be  the  one  erected 
over  the  Erie  Canal  at  Frankford,  N.  Y.,  in  1810,  by  Mr.  Earl 
Trumbull. 

"  The  truss  was  a  combination  of  the  truss  and  suspension  i)rinciples, 
and  was  formed  of — first,  seven  cast-iron  sections  or  panels  of  about  11 
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feet  in  length  and  7  in  depth,  cast  solid,  each  segment  consisting  of  an 
upper  chord,  a  pair  of  diagonal  braces  and  half  of  a  hollow  cylindrical 
post  at  each  end  (of  the  segment),  except  that  the  end  segments  had  full 
cylindrical  i^osts  at  the  abutments.  These  semi-cylinders  being  bolted 
or  clamped  together  in  series,  formed  full  cylindrical  posts,  which  were 
flanged  at  the  bottom,  and  through  which  were  passed  vertical  bolts 
securing  them  to  wooden  transverse  floor  beams.  Second,  two  wrought- 
iron  suspension  rods  {Ih  inches  diameter)  attached  to  the  top  end  of  the 
end  posts,  and  sagging  in  a  parabolic  curve,  so  as  to  pass  under  and 
support  the  two  ceutermost  floor  beams,  and  under  lugs  cast  at  proper 
elevations  upon  the  posts  intermediate  between  the  centermost  and  the 
end  posts,  whereby  such  intermediates  were  suisported.  Cross-sections 
of  chords  and  diagonal  braces  of  the  -|-  formed  section." 

In  the  same  year  (1840)  Mr.  Squire  Whij^ple  built  his  first  iron 
bridge.  It  was  a  bow-string  truss  bridge  in  which  the  compression 
members  were  of  cast-iron  aud  the  tension  members  of  wrought-iron. 
He  took  out  Letters  Patent  for  this  style  of  bridge  April  24:th,  1811.  A 
large  number  of  bridges  on  this  plan  with  spans  from  50  to  100  feet 
have  been  built,  and  some  few  with  spans  as  long  as  180  feet. 

In  1816-47  James  Millholland  built  a  boiler  plate  tubular  girder  55 
feet  long  for  the  Baltimore  and  Ohio  Railroad  at  Bolton  depot. 

In  1846  Frederick  Harbach  patented  an  iron  Howe  truss;  the  top 
chord  and  braces  were  of  cast-iron  and  the  lower  chord  and  vertical 
rods  were  of  wrought-iron.  Each  chord  and  the  main  braces  were 
hollow  cylinders  in  jjairs,  the  lower  chord  was  of  boiler  iron  riveted 
together  as  continuous  tubes.  The  braces  and  chords  were  connected 
by  cast-iron  saddles  shaped  to  fit  the  chords. 

A  bridge  of  this  style,  30  feet  clear  span,  6  feet  depth  and  4  feet 
panels  was  built  in  1846-7  on  the  North  Adams  branch  of  the  Boston 
and  Albany  Railroad  near  Pittsfield,  Mass. 

About  1847-50  Nathaniel  Rider  built  a  number  of  bridges  for  the  New 
York  and  Harlem,  Erie  and  other  railroads.  The  Rider  bridge  was  com- 
posed of  parallel  top  and  bottom  chords  and  multiple  systems  of  vertical 
posts  and  diagonal  ties.  The  top  chord  and  posts  were  of  cast-iron ; 
the  lower  chord  and  ties  of  flat  bars  of  wrought-iron.  A  wedge  was 
inserted  at  the  top  of  each  j)ost  to  tighten  up  the  systems.  The  mem- 
bers were  bolted  together.  The  failure  of  one  of  these  Rider  bridges  on 
the  Erie  Railroad  in  1850,   following  the   failure  in  England  of  the 
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bridge  over  tlie  Kiver  Dee,  influenced  the  officials  of  that  road  to  the 
decision  that  iron  bridges  were  untrastworthy,  and  to  direct  that  all 
iron  bridges,  consisting  of  several  liider  bridges  and  some  Avhich  had 
been  built  by  Squire  Whipple,  be  removed  and  replaced  with  wooden 
structures. 

"The  first  impulse  to  the  general  adoption  of  iron  for  railroad 
bridges  was  given  by  Mr.  Benjamin  H.  Latrobe,  chief  engineer  of  the 
Baltimore  and  Ohio  Eailroad.  When  the  extension  of  this  road  from 
Cumlierland  to  Wheeling  Avas  begun  he  decided  to  use  this  material  in 
all  the  new  bridges.  Mr.  Latrobe  had  previously  much  experience  in 
the  construction  of  wooden  bridges  in  which  iron  was  extensively  used; 
he  had  also  designed  and  used  the  fish-bellied  girder  constructed  of  cast 
and  wrought-iron;  he  had  adopted  on  the  older  portion  of  that  road  the 
Bollman  plan  of  bridge  for  short  spans.  For  the  bridges  west  of 
Cumberland  he  adopted  the  plans  submitted  by  Mr.  Albert  Fink,  his 
assistant." 

In  1852  a  span  of  121  feet  upon  the  Bollman  plan  was  completed 
at  Harper's  Ferry.     Bollman's  truss  is  shown  on  Plate  XII. 

In  1851-52  three  spans  of  205  feet  each  were  built  over  the  Monon- 
gahela  River  upon  the  Fink  plan.     Plate  XIII. 

Both  of  these  styles  of  bridge  were  of  the  suspension  truss  form, 
being  different  developments  of  the  trussed  beam. 

The  chords  and  posts  were  of  cast-iron  and  the  tension  members 
of  wrought-iron. 

The  wrought-iron  tension  bars  had  eyes  at  the  lower  ends  and  were 
connected  to  the  feet  of  the  i^osts  by  jjins.  At  the  top  these  bars  had 
screw  ends  for  adjustment.  Plates  XIV  and  XV  show  other  forms  of  the 
Fink  truss. 

In  1852-53  Sqiiire  Whipple  built  upon  the  Rensselaer  and  Saratoga 
Railroad,  7  miles  north  of  Troy,  N.  Y. ,  an  iron  bridge  of  146  feet  clear 
span.     (See  Plate  XVI.) 

It  was  a  double  intersection  Pratt  truss  with  inclined  end  posts,  a 
form  which  was  known  afterwards  as  the  Whipple  truss.  The  top 
chord  and  posts  were  of  cast-iron.  The  lower  chord  was  composed  of 
links  of  wrought-iron.  The  web  rods  were  round  rods  of  wrought-iron 
with  eyes  at  the  upper  end  and  screw  ends  below.  They  connected 
to  a  pin  through  the  top  chords  and  pass  through  holes  in  the  cast-iron 
shoe  at  the  foot  of  the  posts.  This  cast-iron  shoe  had  oblong  trunnions 
at  each  side  to  receive  the  lower  chord  links.  Although  this  bridge  was 
proportioned  for  a  rolling  load  of  one  ton  per  lineal  foot  only,  it  con- 
tinued to  do  good  service  until  1883,  when  it  was  taken  down,  as  it  was 
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deemed  prudent  to  replace  it  with  a  bridgi^  of  wrouglit-iron  adapted  to 
tlie  requirements  of  the  then  existing  ti'affic  (the  engines  in  use  upon  the 
road  having  increased  in  weight  from  engines  of  35  to  40  tons  to  engines 
of  50  to  68  tons). 

A  few  months  before  this  bridge  was  taken  down  one  of  the  pair  of 
main  web  rods  H  inches  diameter  broke  with  a  "suspicious  looking 
fracture;''  the  remaining  rod,  however,  had  sufficient  strength  to  prevent 
a  collapse  of  the  truss. 

From  1851-61  many  iron  bridges  from  65  to  110  feet  spans  were  built 
on  the  western  and  mountain  divisions  of  the  Pennsylvania  Railroad. 
There  were  Pratt  triisses  stiffened  with  arches,  the  toji  chords,  posts 
and  arches  being  of  cast-iron.     They  were  built  at  the  company's  shops. 

In  1857  Mr.  F.  C.  Lowthorp  built  his  first  railroad  bridge  on  the 
Catasauqua  and  Fogiesville  Eailroad,  Pennsylvania.  It  consisted  of 
11  spans,  total  length  1 122  feet,  supported  on  iron  trestle  towers  89  feet 
high.  The  chords  and  posts  of  this  bridge  were  of  cast-iron  and  the 
tension  members  of  wrought-iron  with  adjustable  screw  ends. 

About  1856  John  W.  Murphy  built  a  Whipj)le  bridge  over  the  Sau- 
con  Creek  for  the  North  Pennsylvania  Railroad,  of  152  feet  clear  span. 
The  road  was  never  completed  on  this  i^articular  line,  and  the  bridge 
still  stands  as  an  isolated  specimen  of  one  of  the  earliest  forms  of  iron 
railroad  bridges  of  the  Whipple  type. 

In  1858-59  Murphy  built  for  the  Lehigh  Yalley  Railroad  a  Whipple- 
Murphy  bridge  of  165  feet  span,  over  the  Canal  at  Phillipsburg,  N.  J. 
In  this  bridge  he  substituted  for  the  cast  trunnions  on  the  post  feet  of 
the  Whipple  bridge  i^ins  of  wrought-iron,  unturned.  The  lower  chord 
was  formed  of  wrought-iron  elongated  links  similar  to  the  Whijaple  form. 
The  main  web  bars  were  wrought-iron  bars  with  looped  eyes  at  each 
end.  The  counter  bars  were  also  bars  with  looped  eyes,  but  the  lower 
eye  was  elongated  and  fitted  with  gib  castings  and  keys  for  tightening 
the  bars. 

This  is  the  first  truss  bridge,  as  far  as  the  author  has  been  able  to 
discover,  which  was  pin  connected  throughout. 

In  1869  this  bridge  was  taken  down,  and  put  up  as  the  middle  span 
in  a  long  wooden  bridge  of  nine  sj^ans,  at  Towauda,  Pa.,  to  reduce  the 
liability  of  destruction  of  the  whole  bridge  by  a  fire. 

In  1879  it  was  again  removed,  and  rebuilt  by  substituting  wrought- 
iron  comi^ression  members  for  the  cast-iron,  turning  the  pins,  reboring 
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the  links,  etc. ,  and  put  up  at  Shepherd's  Creek,  on  the  Southern  Central 
Railroad. 

In  1861  Mr.  J.  H.  Linville  built  a  bridge  on  the  Delaware  extension 
of  the  Pennsylvania  Railroad  over  the  Schuylkill  River,  in  which  were 
used  for  the  first  time  wide  forged  eye-bars  and  posts  formed  of 
wronght-iron  sections. 

In  1863  John  W.  Murphy  built  a  bridge  over  the  Lehigh  River  at 
Mauch  Chunk  for  the  Lehigh  Valley  Railroad,  in  which  he  used 
wrought-iron  for  both  the  posts  and  top  chord  sections.  This  is  prob- 
ably the  first  Amei'ican  truss  bridge  in  which  the  tension  and  compres- 
sion members  were  of  wrought-iron.  He  used,  however,  cast-iron  joint 
blocks  and  pedestals. 

In  1865  Mr.  S.  S.  Post  built  the  first  iron  liridge  of  the  style  since 
known  as  the  Post  Truss,  for  the  Erie  Railroad,  at  Washingtonville,  on 
the  Newburgh  branch. 

Between  1865-80  a  large  number  of  bridges  on  this  style  were  built. 
From  its  peculiar  form,  the  counter  system  of  web  members  consisted 
of  a  single  system,  which  met  at  the  center  a  double  sytem  of  direct 
web  members,  thus  rendering  the  strains  ambiguous.  Much  of  its  early 
popularity  was  due  to  the  apparent  stiffness  of  this  form  of  truss  under 
moving  loads — the  truss  being  put  under  an  initial  strain  by  the  counter 
system  which  extends  the  whole  length  of  the  truss. 

In  1859  Mr.  Howard  Carroll  commenced  building  riveted  lattice 
bridges  for  the  New  York  Central  Railroad  and  its  connections.  The 
bridges  built  by  him  were  mostly  short  spans,  varying  from  40  to  90 
feet.  They  were  well  proi^ortioned  both  in  strength  of  parts  and  in  the 
detail  of  the  riveted  connections,  for  the  service  then  considered  as 
>sufiicient. 

This  early  Avork  of  an  excellent  character  gave  the  preference  to  this 
class  of  bridges  upon  this  road  and  other  neighboring  systems. 

Mr.  Charles  Hilton,  a  pupil  of  Mr.  Carroll,  continued  his  work  and 
extended  the  system  to  longer  spans,  the  longest  being  the  bridge  built 
by  him  over  the  Connecticut  River  at  Springfield,  Mass.,  in  1874.  It 
consisted  of  seven  spans  of  180  feet. 

In  1864  Mr.  Felician  Slataper  designed  and  built  for  the  Pittsburgh, 
Fort  Wayne  &  Chicago  Railroad  a  bridge  over  the  Allegheny  River  at 
Pittsburgh.     It  consists  of  five  riveted  lattice  spans,  178  feet  each. 

In  1865-66  William  Fairbairn  &  Co.,  of  England,  built  the  iron  lattice 


COOPER   ON   AMERICA]Sr   RAILROAD    BRIDGES.  17 

bridge  over  the  Connecticut  Kiver  on  the  Hartford  and  New  Haven  Rail- 
road, near  Windsor  Locks,  from  designs  by  Mr.  James  Laurie  (Past 
Prest.  Am.  Soc.  C.  E.),  the  longest  span  being  177t  feet. 

Long  Span  Bkidges. 

The  era  of  long  span  truss  l)ridges  in  Aiuerit-a  may  be  considered  as 
dating  from  the  building  of  the  first  bridge  over  the  Ohio  River  at  Steu- 
benville,  between  1863-64,  by  Mr.  J.  H.  Linville.  The  channel  span 
was  320  feet  long  and  28  feet  deep.  The  top  chord  and  posts  were  made 
of  cast-iron.  It  was  proportioned  for  a  rolling  load  of  3  000  pounds  per 
foot  of  track,  a  notable  increase  in  the  load  heretofore  in  use.  (See 
Plate  XVII.)     This  bridge  is  now  being  removed. 

This  was  followed  by  the  bridge  over  the  Ohio  River  at  Louisville, 
built  by  Mr.  Albert  Fink  in  1868-70,  with  two  main  si>ans  of  360  and 
390  feet.     (See  Plate  XVIIL) 

In  1870  Mr.  Linville  built  the  bridges  over  the  same  river,  at  Parkers- 
burg  and  Bellaire,  Avith  channel  s^sans  of  340  feet. 

And  in  1872  he  built  the  Newjiort  and  Cincinnati  Bridge,  with  a  chan- 
nel span  of  420  feet. 

During  1868-74  James  B.  Eads  built  the  bridge  at  St.  Louis  over 
the  Mississippi  River,  consisting  of  two  arches  of  502  and  one  of  520 
feet  clear  span. 

In  1876  the  Cincinnati  Southern  Railroad  bridge  over  the  Ohio  River 
was  built  by  the  Keystone  Bridge  Company  under  specifications  pre- 
pared by  Mr.  G.  Bouscaren,  the  design  being  made  by  Mr.  J.  H.  Lin- 
ville. The  channel  span  was  519  feet,  the  longest  truss  span  ever  built 
up  to  that  time. 

The  channel  spans  of  the  Henderson  Bridge,  522  feet,  and  of  the 
Ohio  River  Bridge,  Kentucky  Central  Railway,  at  Cincinnati,  550  feet, 
are  the  only  independent  truss  bridges  up  to  the  j)resent  time  with 
greater  si^ans . 

There  are  now  in  existence  on  American  railroads  over  five  miles  of 
bridges  with  spans  from  300  to  400  feet,  nearly  four  miles  with  spans 
from  400  to  500  feet,  and  two  and  a  half  miles  of  bridges  with  s^jaus  ex- 
ceeding 500  feet,  estimated  as  single  track  bridges,  all  exclusive  of  wire 
suspension  bridges. 

The  first  iron  cantilever  bridge  of  importance  was  the  Kentucky 
River  Bridge  designed  and  built  by  C.  Shaler  Smith  in  1876-77.     It  is 
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1 125  feet  long,  and  consists  of  three  equal  spans  375  feet.  The  second, 
also  by  the  same  engineer,  was  the  Minnehaha  Bridge  over  the 
Mississippi,  near  St.  Paul.  It  was  built  during  the  winter  of 
1879-80,  and  consists  of  one  center  span  324  feet,  and  two  shore  spans 
270  feet: 

The  third  and  fourth  were  the  Niagara  and  Frazer  River  Bridges, 
designed  by  Mr.  C.  C.  Schneider,  the  first  being  completed  in  1883  and 
the  second  in  1885. 

The  St.  John  River  cantilever  was  built  in  1885.  Since  that  time 
many  have  been  built,  the  one  of  greatest  magnitude  being  the  Pough- 
keepsie  Bridge,  built  by  the  Union  Bridge  Company  and  already  de- 
scribed in  our  Transactions  (Vol.  XVIII,  June,  1888). 

3.  Combination  Bridges. 

This  kind  of  bridge  is  one  in  which  all  the  tension  members  of  the 
web  and  of  the  lower  chord  are  made  of  wrought-iron  and  all  or  most  of 
the  compression  members  of  wood. 

In  the  South  and  West  a  great  number  of  these  combination  bridges 
have  been  used.  They  are  cheaper  than  bridges  of  all  iron  parts  and  are 
more  permanent  than  wooden  bridges,  the  wooden  members  being  less 
liable  to  destruction  from  fire  and  decay,  where  the  timber  is  only  used  in 
compact  forms  and  under  compressive  strains.  They  are  generally  de- 
signed so  that  the  greater  part,  at  least,  of  the  iron  members  can  be  used 
again,  when  it  becomes  desirable  to  renew  them  as  wholly  iron  bridges. 
While  more  permanent  than  wooden,  they  are  less  so  than  iron  bridges. 

The  question  of  the  adoption  of  this  class  of  structure  instead  of  all 
wood  or  all  iron  bridges,  must  be  determined  for  each  locality  by  the 
relative  economy  as  determined  by  their  first  cost  and  the  financial 
ability  and  policy  of  the  railroad. 

Their  forms  are  varied  according  to  the  preference  of  different 
engineers.  We  illustrate  (Plates  XIV  and  XIX)  forms  designed  by 
Mr.  Alfred  Fink,  and  which  have  been  in  general  use  in  past  years 
upon  many  Southern  railroads,  especially  the  Louisville  and  Nashville 
Railroad. 

This  road  has  been  rapidly  replacing  them  of  late  with  wrought-iron 
bridges  of  modern  type.  While  excellent  bridges  can  be  made  of  this 
kind,  they  should  only  be  considered  as  an  advance  from  wooden  bridges 
towards  the  future  all-iron  bridges. 
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4.  Designing  and  Propoktioning. 

The  early  woodea  bridges  and  some  of  the  early  iron  bridges  were 
not  designed  or  proportioned  upon  any  very  correct  theory.  They  were 
largely  empirical  structures,  generally  of  uniform  section  throughout  their 
length.  Practical  experience  had  led  to  improvements  in  methods  of 
counterbracing  against  partial  loads,  and  in  providing  for  better  detail, 
to  obviate  the  crushing  of  the  timber  or  slipping  of  the  braces  and  to 
take  up  the  looseness  arising  from  the  shi'inkage  of  the  timbei". 

In  the  early  days  of  our  railroads  so  able  an  engineer  as  Mr.  Kirkwood 

writes : 

"  The  heavy  locomotives  used  in  the  freight  traflSc  of  railroads,  and 
the  great  speed  of  express  passenger  trains,  render  massive  strength  in 
all  railroad  bridge  structures  essential.  The  many  bridges  which  have 
been  strengthened  since  they  were  built  and  the  many  which  have  had 
to  be  removed  and  replaced  by  stronger  structures,  sufficiently  attest  the 
mistaken  economy  of  erecting  light  and  chfeap  frame  bridges.  The  blind 
confidence  which  the  best  of  carpenters  are  apt  to  have  in  the  raw 
material  of  their  trade  and  in  the  rude  geometry  of  its  usual  combina- 
tions, has  rendered  them  unsafe  guides  to  engineers,  in  the  planning  of 
bridge  trusses  involving  irregialar  and  shifting  strains,  with  which  their 
general  pi'actice  cannot  make  them  familiar.  Hence  it  is  that,  even  now, 
the  engineer  will  always  find  it  not  merely  a  safe  but  a  necessary  rule,  to 
make  his  bridge  trusses  heavier  and  stronger  than  the  most  intelligent 
jjrofessional  carpenter  of  his  acquaintance  is  likely  to  consider  necessary. " 

The  heavy  engines  of  that  day  would  be  very  light  ones  at  the 
present  time. 

The  science  of  bridge  proportioning  was  yet  undeveloped.  The  best 
that  the  engineer  could  do,  was  to  make  the  bridges  stronger  than 
heretofore,  solely  on  the  facts  brought  out  by  i^ast  experience. 

The  first  attempt  to  analyze  the  strains  in  skeleton  bridge  trusses 

appears  to   be  the  work  of  Mr.   Squire  Whipple,  the  inventor  of  the 

Whipple  bridge — the  prototype  of  the  present  most  generally  adopted 

form  of  truss  now  in  use  in  America.     His  book  was  published  at  Utica, 

N.  Y.,  in  1847.     It  does  not  seem  to  have  been  widely  known  till  a  much 

later  date.     For  Mr.  Herman  Haupt,  who  had  an  extensive  experience 

in  building  wooden  railroad  bridges,  and  whose  treatise  on  bridge  con- 

striiction,  jjublished  in  1851,  was  long  an  authority,  states  in  his  preface: 

"  If  any  work  exists  containing  an  exposition  of  a  theory  siifficient  to 
account  generally  for  the  various  phenomena  observed  in  the  mutual 
action  of  the  jjarts  of  trussed  combinations  of  wood  or  metals,  the 
author  has  neither  seen  nor  heard  of  it."  "  The  best  works  on  the  sub- 
ject of  construction  tliat  have  fallen  into  the  hands  of  the  author  contain 
but  little  that  will  furnish  the  means  of  calculating  the  strains  upon  the 
timbers  of  a  bridge  truss  or  of  determining  their  relative  sizes." 
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While  the  principal  material  of  construction  was  wood,  its  cheapness 
and  the  practical  reasons  for  making  the  principal  members  of  the 
trusses  of  uniform  section,  made  the  necessity  of  proper  proportioning 
less  api^arent.  The  advent  of  iron  construction,  involving  the  use  of  a 
material  of  a  more  expensive  character,  compelled  a  better  consideration 
of  the  relation  of  the  principal  parts  of  a  truss  to  the  duties  to  be  per- 
formed. 

Besides  the  defective  knowledge  as  to  the  calculation  of  the  strains, 
there  was  a  like  deficiency  in  regard  to  the  strength  of  materials  in  the 
forms  adapted  for  skeleton  structures,  and  as  to  the  effects  of  the  con- 
centrated engine  loads. 

The  use  of  a  uniform  load  of  one  ton  per  foot  of  track  for  design- 
ing all  parts  of  a  bridge  was  in  general  use  some  years  after  1860  and  on 
many  bridges  up  to  even  a  later  date.  It  was  not  till  about  1870  that  a 
heavier  uniform  load  was  adopted  for  the  floor  system  than  was  used  for 
the  main  trusses. 

The  rapid  growth  of  the  traffic  on  our  roads  and  the  constantly  in- 
creasing loads  upon  our  cars  and  engines  were  not  fully  appreciated  until 
very  recent  times. 

Up  to  about  1874  the  designing  and  the  construction  of  bridges 
were,  almost  exclusively,  in  the  hands  of  the  several  bridge  companies. 
Each  of  these  companies  had  its  own  j^eculiar  style  of  bridge  ;  consist- 
ing either  of  a  special  form  of  truss,  as  the  Bollman,  Fink,  Liuville, 
Post,  etc.,  or  in  the  use  of  patented  forms,  as  the  Phoenix,  LinA^ille  & 
Piper  and  American  Companies'  posts,  and  other  detail  parts. 

Each  comjjany  also  had  its  own  special  geographical  field,  or  lines  of 
railroad,  giving  it  the  preference. 

Even  at  points  where  they  did  meet  as  competitors,  it  was  rather  as 
advocates  for  their  special  trusses  or  forms  of  parts,  than  as  competi- 
tors upon  any  very  definite  specification. 

Though  many  excellent  bridges,  considering  the  state  of  the  art, 
were  built  under  this  system,  there  were  also  many  very  inadequate 
structures  made. 

The  construction  of  the  St.  Louis  Bridge  marked  a  most  important 
advance  in  the  development  of  American  bridges.  The  investigations 
made,  during  the  building  of  the  St.  Louis  Bridge,  into  the  strength 
and  other  properties  of  the  materials  of  construction,  and  especially  the 
testing  of  full-sized  members  and  their  detail  connections,  not  only  ad- 
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vanced  very  much  our  knowledge  of  these  matters,  but  also  gave  an 
impulse  to  siich  investigations  which  has  continued  to  the  present.  The 
erection  of  the  St.  Louis  arches,  by  building  out  from  the  piers,  was 
the  first  practical  solution  of  the  cantilever  jirinciple  on  a  large  scale. 
The  erection  of  two  balanced  cantilevers,  each  over  250  feet,  with  ease, 
safety  and  economy,  made  clear  to  the  mind  of  engineers  that  the  canti- 
lever was  the  economic  method  of  erecting  long  spans  over  deep 
gorges  or  rivers,  where  ordinary  methods  of  scaffolding  would  be  too 
exijensive,  or  subject  to  great  risks,  or  where  navigation  forbids  the 
obstruction  of  the  waterway. 

The  construction  of  the  Cincinnati  Southern  Eailroad  also  marked  an 
important  step  in  the  improvement  of  bridges  and  their  construction. 

The  bridges  upon  this  road,  including  the  large  span  at  Cincinnati 
over  the  Ohio  Eiver,  and  the  crossing  of  the  Kentucky  Eiver  gorge, 
comprised  the  first  work  of  magnitude  that  was  offered  for  competition 
upon  specifications  drawn  by  an  engineer  acting  exclusively  in  the 
interest  of  the  Railroad  Company. 

Two  points  in  these  specifications  of  Mr.  Bouscaren  were  especially 
imi^ortant  ones  :  1st.  The  use  of  an  engine  and  train  diagram  for  the 
live  load,  instead  of  the  prevalent  method  of  a  fixed  uniform  load  per 
lineal  foot  of  bridge  or  floor.  2d.  The  requirement  that  full-sized  com- 
pression members  of  the  different  competitors  be  submitted  to  test,  to 
determine  their  ultimate  strength  and  elastic  limit. 

About  1874,  the  bridge  engineer,  acting  in  the  interest  of  the  rail- 
roads, began  to  exert  a  beneficial  influence.  New  competitors  as  bridge 
contractors  were  also  entering  the  field. 

These  influences  all  worked  together  to  make  a  great  improvement 
in  the  general  character  of  the  structures  built  after  that  date. 

The  failure  of  the  Ashtabula  Bridge  in  December,  1876,  not  only 
alarmed  the  general  public,  but  also  shook  the  blind  confidence  of  the 
railroad  companies  in  their  existing  bridges. 

UlJon  the  principal  roads  a  general  examination  was  made  into  the 
character  and  condition  of  their  bridges  by  comi^etent  engineers  with 
very  beneficial  results.  Not  only  were  many  defective  structures  rebuilt 
or  strengthened,  but  the  defective  methods  heretofore  in  use,  both  in 
the  proportioning  of  parts  and  in  constrtictive  detail,  became  apparent. 

Floor  systems  designed  for  a  uniform  rolling  load,  regardless  of  the 
length  of  the  panels,  were  found  to  be  inadequate  for  the  concentrated 
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engine  loads  in  use.  For  the  same  reason  the  counterbracing  was  also 
deficient.  Broken  castings  emphasized  the  unreliability  of  this  material 
for  bridge  purijoses.  A  careful  examination  and  analysis  of  the  details, 
upon  which  the  capacity  of  the  structures  depended  as  much  as  uj^on 
the  sectional  areas  of  the  several  members,  showed  the  need  of  greater 
attention  to  such  matters. 

The  Erie  sijsciflcations  drawn  by  the  writer  in  1878,  embodying  the 
results  of  his  experience  in  the  designing  of  bridges,  their  shop  con- 
struction, the  testing  of  material  and  the  study  of  existing  bridges  and 
their  defects,  was  the  first  general  specification  covering  the  designing,, 
proportioning  and  detail  of  construction  with  that  completeness  neces- 
sary to  give  the  railroad  company  the  full  advantage  of  the  competitive 
method,  with  a  certainty  that  the  resulting  structure  would  in  all  way& 
be  up  to  the  advanced  state  of  the  art. 

It  was  the  first  i^aper  on  bridge  coQstruction  in  which  that  relic  of 
ignorance,  "the  factor  of  safety,"  was  entirely  omitted. 

It  definitely  specified  the  working  strains  to  be  allowed  on  the  dififer- 
ent  parts  of  the  structure  according  to  the  service  they  were  to  per- 
form. 

While  aiming  to  obtain  the  best  results  for  the  railroad  company,  by 
clearly  specifying  for  what  loads  and  under  what  working  strains  each 
part  should  be  proportioned,  and  the  perfection  of  workmanship  which 
must  be  adhered  to,  it  left  to  the  contractor  perfect  liberty  of  selecting 
his  own  plan  of  structure,  as  to  form  of  truss,  relative  projjortions  of 
depths  and  panel  lengths  and  methods  of  detailing. 

These  sj^ecifications  were  adopted  very  widely.  They  have  been  modi- 
fied and  extended  from  time  to  time,  by  the  author  and  other  engineers, 
as  advancing  knowledge  and  experience  justified. 

The  competitive  struggle  of  the  bridge  contractors  has  still  been 
allowed  free  scope  in  certain  directions,  but  has  been  modified  by  the 
new  factor,  the  bridge  engineer  acting  in  the  interest  of  the  railroad 
companies. 

The  bridge  engineer  acting  for  the  contractor  has  for  his  principal 
incentive,  the  selection  of  a  design  which,  while  complying  with  the 
specifications  iu  all  ways,  can  be  built  at  the  shops  for  the  least  money  ex- 
pended in  time  and  material,  and  which  can  be  erected  at  the  particular 
location  with  the  least  cost  and  risk. 

The  bridge  engineer  acting  for  the  railroad  company,  while  giving 
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all  clue  weight  to  the  aims  of  the  contractor,  is  seeking  to  get  a  structure 
which  will  give  the  best  results  after  its  completion,  for  operation  and 
maintenance,  without  undue  cost. 

As  the  engineer  of  the  contractor  may  at  some  other  time  be  the 
engineer  acting  for  the  railroad  and  the  reverse,  these  difterent  views 
are  constantly  reacting  on  each  other,  to  the  great  benefit  of  our  bridge 
structures. 

The  competition  to-day  between  the  difterent  bridge  companies  has 
been  largely  reduced  to  the  question  of  shop  management,  or  the 
relative  cost  of  turning  out  so  many  tons  of  bridge  work  in  a  certain 
limited  time. 

Practical  bridge  engineers  have  given  little  weight  to  the  theo- 
retical examination  of  the  economical  truss.  They  have  recognized  as 
fallacious  the  deductions  usually  drawn  by  theorists  from  the  neglect 
of  most  important  factors  in  such  investigations.  True  economy  does 
not  necessarily  mean  minimum  weight  of  material.  The  relative  weight 
of  the  various  classes  of  iron  in  a  bridge,  the  cost  of  manufacturing  each 
form,  rolled,  riveted  or  forged,  facility  of  transportation  and  erection 
and  other  factors  must  be  given  their  due  weight ;  and  even  these  factors 
must  change  from  time  to  time,  and  do  vary  even  for  the  same  time  at 
different  manufactories.  While  the  tendency  towards  economy  of 
material  due  to  changes  in  forms  and  proportions  has  been  fully 
recognized,  the  comi^arison  of  alternate  or  competitive  plans  has 
led  to  the  proper  proportions  of  true  economy  with  far  greater 
certainty. 

The  engineer  who  is  constantly  employed  in  preparing  competitive 
designs,  can  choose  almost  instinctively  the  proper  proportions  to  give 
his  design,  selecting  the  panel  lengths,  depth  of  truss  and  skeleton  system 
best  suited  to  give  the  proper  relations  between  the  floor,  web  and 
chord  systems  of  the  bridge,  with  due  regard  to  a  suitable  arrange- 
ment for  the  lateral  and  sway  bracing. 

No  fixed  proportions  can  be  permanently  established  suitable  for  all 
cfises  ;  for  in  addition  to  the  varying  elements  before  mentioned,  the 
question  of  head  room,  waterway  and  skew  often  necessitate  special 
changes.  There  must  also  be  a  certain  undefined  harmony  in  the 
relation  of  the  several  parts,  in  order  that  the  disproportion  or 
inefficiency  of  the  connection  of  parts  may  not  render  the  design  a 
defective  one. 
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A  successful  bridge  engineer,  from  the  American  point  of  view,  must 
be  something  more  than  a  mere  calculator  of  strains.  That  is  the  most 
elementary  part  of  the  duty,  and  does  not  come  -within  the  province  of 
designing.  After  the  selection  of  the  skeleton  form  and  relative  pro- 
portions of  panels,  depths  and  widths  of  span,  a  very  moderate  knowl- 
edge of  mechanical  mathematics  would  enable  any  one  to  determine  the 
strains  in  an  American  bridge.  He  must,  in  addition  to  his  knowledge 
as  to  the  effects  of  varying  forms  and  proportions,  have  a  full  knowl- 
edge of  the  capacity  of  his  forms  and  their  connections,  and  also  of  the 
practical  processes  of  manufacture  and  erection.  He  must  know  how  his 
design  can  be  made  and  put  together,  and  whether  it  is  so  harmonized 
in  all  its  parts  and  connections,  that  each  part  may  do  its  full  duty  under 
all  possible  conditions  of  service. 

In  addition  to  knowing  all  the  elements  that  make  up  a  perfect 
design,  he  must  have  the  instinct  of  designing  or  the  power  of  adapting 
his  knowledge  to  any  individual  case,  in  order  to  obtain  the  best  or  the 
desired  result. 

Then  experience,  observation  and  a  sharp  comjietition  with  men  of 
like  knowledge  and  instinct  will  give  him  his  position  as  a  bridge 
engineer. 

The  equivalent  uniform  loads  given  in  the  following  tables  (1  and  2), 
represent  in  a  general  way  the  live  loads  used  in  designing  bridges  dur-. 
ing  the  jiast,  and  the  maximum  live  load  now  being  adopted  by  certain 
of  our  railroads. 


s'     <?•  I,  e'     <>"  , 


/•     e'      f     rf'      ^'  .  /'./'.  s  ,„  p  ,.1  -^  ,1   ^   ii  ^  III      ill       M     ''■      I'      '    1 

I  I  I  I  I  I  I  n  I  I  I  I  I  I  I  U 

Fig.  1. 


'<         %      f;     a 


t    I 


I      I     I 


Fi«-.  2. 


COOPER   ON   AMERICAN    RAILROAD   BRIDGES.  25 

TABLE  No.  1. 


FaoM  Moments — Loads  for  Longitudinal  Girders. 

Spans. 
Feet. 

Uniform     Load 

Cincinnati 
Southern 

Erie  Train 
Load. 

1878 

101  Ton  Consoli- 
dation, followed 

Heavy  Grade 
Lehigh,   follow- 
ed by  4  000 
pounds. 

1889. 
Fig.  4. 

of  One  Ton 

Train  Load. 

by  3  000  pounds. 

per  foot. 

1873. 
Fig.  1. 

Fig.  2. 

1884. 
Fig.  3. 

5 

2  240 

8  000 

8  800 

12  000 

10  000 

10 

4  790 

5  290 

6  750 

9  610 

15 

4  470 

5  280 

6  670 

9  600 

120 

4  320 

4  640 

6  190 

8  560 

125 

•< 

3  970 

4  400 

5  850 

7  950 

30 

3  770 

4  200 

5  470 

7  290 

35 

3  540 

4  080 

5  110 

7  040 

40 

3  400 

3  850 

4  760 

6  690 

45 

3  230 

3  700 

4  550 

6  000 

fiO 

3  140 

3  590 

4  350 

5  870 

55 

" 

•    3  050 

3  450 

4  220 

5  680 

€0 

2  960 

3  400 

4  110 

5  480 

70 

2  920 

3  220 

3  940 

5  110 

80 

2  920 

3  260 

3  950 

4  800 

90 

2  860 

3  250 

3  970 

4  560 

100 

2  860 

3  230 

3  910 

4  520 

125 

2  780 

3  150 

3  830 

4  740 

150 

2  670 

3  070 

3  740 

4  760 

175 

" 

2  590 

2  990 

3  650 

4  670 

200 

2  530 

2  910 

3  590 

4  640 

225 

2  440 

2  850 

3  520 

4  550 

250 

2  390 

2  800 

3  480 

4  470 

275 

2  360 

2  750 

3  430 

4  380 

300 

2  340 

2  710 

3.S90 

4  290 

350 

2  240 

2  660 

3  230 

4  250 

400 

2  200 

2  610 

3  180 

4  200 

450 

2  160 

2  570 

3160 

4160 

600 

2  120 

2  540 

3  150 

4  120 
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TABLE  No.  2. 
Equivalent  Loads  fob  Erie  Train  Load. 


Span— Feet. 

From  Moments. 

From  Double  Shear. 

From  Single  Shear. 

5 

8  800 

5  280 

9  680 

10 

5  290 

4  620 

7  200 

]5 

5  280 

4  210 

6  240 

20 

4  640 

3  830 

5  400 

25 

4  400 

3  588 

5  040 

30 

4  200 

3  400 

4  740 

35 

4  080 

3  270 

4  540 

40 

3  8.50 

3  175 

4  300 

45 

3  700 

3  090 

4  220 

50 

3  590 

3  030 

4  240 

55 

3  450 

3  000 

3  930 

60 

3  400 

2  970 

3  830 

70 

3  220 

2  960 

3  680 

80 

3  260 

2  870 

3  620 

90 

3  250 

2  820 

3  570 

100 

3  230 

2  750 

3  450 

125 

3  150 

2  570 

3  280 

150 

3  070 

2  450 

3  180 

175 

2  990 

2  400 

3  090 

200 

2  910 

2  370 

3  000 

Table  No.  1  gives  the  approximate  equivalent  uniform  loads  for  tlie 
moments  due  to  several  forms  of  typical  live  loads  upon  spans  of  dif- 
ferent lengths.  The  approximate  dates  on  which  these  loads  were  in- 
troduced are  also  given. 

These  equivalent  loads  represent  in  a  general  way  the  growth  in  the 
required  strength  of  our  best  bridges,  from  the  earlier  days  of  iron  bridge 
building  to  the  present  time. 

This  table  will  make  clearer  than  any  other  method  of  descrijition  the 
difficulties  American  bridge  builders  have  had  to  contend  with.  In  face 
of  the  constant  progress  and  bettering  of  our  bridges  we  have  had  to 
meet  rapidly  increasing  demands  for  greater  loads;  with  too  often  an 
increasing  reluctance  on  the  part  of  the  authorities  to  build  for  anything 
but  the  immediate  present  requirements. 

It  will  be  readily  seen  from  this  table  why  oxir  shorter  spans  are  being 
overtaxed,  and  why  in  all  our  older  bridges  the  floor  and  counter  sys- 
tems are  too  weak.  The  above  table  represents  simply  the  equivalent 
loads,  which  will  render  the  same  maximum  moments  as  the  corresi>ond- 
ing  train  loads.  To  i)rovide  for  the  maximum  aetiou  of  any  miscel- 
laneous loading,  we  must  also  consider  the  equivalent  loads,  which  rop- 
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resent  the  maximum  shears.  For  this  purpose  we  need  two  additional 
equivalent  loads — one  to  represent  the  maximum  end-shear  ixpon  a 
single  span  of  girders  or  trusses,  which  we  will  call  the  "single  shear;" 
and  another  to  rejiresent  the  maximum  shear  which  can  occur  at  the 
supports  of  two  adjacent  spans  or  panels  of  girders  or  trusses,  which  we 
will  call  the  "double  shear." 

The  single  shear  equivalent  loads  give  us  the  loads  on  the  end  mem- 
bers of  the  trusses  aud  girders.  The  double  shear  equivalent  loads  give 
us  the  loads  on  the  supports,  whether  they  be  columns  or  cross-girders. 

Table  No.  2  gives  for  one  engine  the  equivalent  loads  corresi)onding 
to  the  maximum  moments,  and  maximum  double  and  single  shears. 
They  differ  from  one  another  for  each  different  span  of  truss  or  panel. 
We  must  therefore  use  at  least  three  series  of  uniform  loads  to  represent 
even  ai^proximately  one  engine  load. 

The  maximum  moment  of  a  miscellaneous  loading  being  generally  at 
some  other  point  than  the  center  of  the  girders,  the  equivalent  load 
giving  the  maximum  moment  will  be  different  for  a  girder  with  uniform 
flanges  and  for  one  with  flanges  of  uniform  strength. 

To  repx'esent  the  action  of  a  train  load  j^roperly  by  this  method,  we 
should  need  four  different  series  of  eqiiivalent  loads,  all  varying  for 
each  span. 

The  apparent  simplicity,  therefore,  of  using  equivalent  uniform  loads 
for  proportioning  our  structures,  is  a  fallacious  one;  when  apj^lied  to 
l^artial  loads  it  becomes  far  more  confusing  and  untrustworthy. 

The  old  method  of  comijuting  the  strains  by  use  of  panel  loads  and 
equivalent  uniform  loads  (and  too  often  using  only  the  one  derived  from 
the  moments)  has  gradually  given  way  to  a  system  miich  simpler,  more 
accurate  and  also  as  easy  of  application. 

The  principles  and  application  of  the  new  method  were  worked  out 
independently  but  simultaneously  by  Mr.  Robert  Escobar,  C.  E.,  of  the 
Union  Bridge  Company,  and  the  author,  some  years  ago  (1880). 


Fig.  5. 
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Let  Fig.  5  represent  a  skeleton  truss  of  a  single  system  of  triangula- 
tion  and  n  panels. 

The  maximum  shear  at  any  point  a  will  occur,  when  one  wheel  of  any 
miscellaneous  series  is  on  the  panel  point,  and  when  the  total  weight  of 
train  on  the  bridge,  W  and  n  times  the  loads  in  front  of  a  (not  including 
the  one  at  a),  are  the  nearest  to  an  equality;  or,  in  other  words,  calling 
P  the  loads  in  front  of  a,  when  W —  n  P  is  a.  minimum. 

Similarly  the  maximum  moment  at  any  point  a  will  occur  when  the 
train  is  so  placed  that  W :  P  :  :  L  :  y;  .L  being  length  of  span. 

Aj^ijlication  of  the  method:  Lay  down  the  engine  and  train  load 
on  a  card  h  to  the  same  scale  as  is  used  for  the  diagram  of  the  truss.  We 
will  assume  that  the  train  is  headed  to  the  left  hand.  Commencing  at 
the  left  hand,  write  over  each  wheel  the  siimmation  of  the  weights  up  to 
-that  point ;  on  another  line  above  write  the  moments  of  all  the  wheels 
to  the  left  of  the  particular  wheel  about  that  wheel. 

The  first  line  will  give  the  weights  P  and  W  for  any  position  of  the 
train,  so  the  placing  the  diagram  to  obtain  W —  n  P=:  a,  minimum,  or 
Wy  =  P  i  is  readily  done. 

The  second  line  above  will  in  like  manner  give  the  moments  [m  P) 
or  (m  W)  or  the  moments  of  the  loads  about  a,  or  the  end  of  the  span. 
Where  the  last  moment  does  not  correspond  to  the  end  of  the  span,  it 
must  be  increased  by  W  X  d,  the  distance  from  the  last  wheel  to  the 
end  of  the  span. 

The  maximum  shear  at  (a)  will  then  be :    "^ '—^ — 

The  maximum  moment  at  (a)  (different  position  of  train)  will  be — 

f^h  -  (»  p) 

An  absolutely  mathematically  correct  result  can  thus  be  obtained 
in  a  very  few  minutes,  after  a  little  practice.  The  preparation  of 
a  diagram  for  any  engine  and  train  load  is  only  the  work  of  a  few 
minutes'  time. 

The  method  has  therefore  the  merit  of  being  no  longer  than  that  by 
uniform  loads,  and  is  far  more  exact,  for  it  gives  perfect  acciiracy  for 
all  positions  of  the  loads,  without  any  of  those  allowances  for  excess,  etc. , 
which  are  needed  in  the  old  methods. 

This  method  has  never  been  published  before,  but  is  in  general 
use  among  the  American  bridge  comisanies,  by  gradual  transfers.  The 
method  cannot  be  applied  to  multiple  system  trusses,  but  it  can  be  to 
girders  with  a  continuous  web. 
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The  advocates  of  the  method  by  uniform  loads  make  the  claim  that 
from  the  rapid  increase  of  the  loads  upon  our  cars  we  are  fast  approaching 
the  time  Avhen  the  loads  on  the  wheels  of  our  cars  will  equal  the  loads 
on  our  engine  wheels,  totally  forgetting  that  the  distance  between  the 
wheels  is  as  important  an  element  as  the  weights.  As  long  as  the  engine 
drags  the  train  by  the  adhesion  of  its  wheels,  its  weights  and  their  con- 
centi'ation  on  a  short  wheel  base  must  produce  effects  that  will  alwavs 
exceed  those  produced  by  the  car  loads. 

The  i^roblem  before  us,  therefore,  is  not  the  selection  of  some 
maximum  uniform  load  which  will  give  us  imperfectly  proportioned 
structures;  biit  how  far  can  the  designers  of  engines  go  in  their  loads 
and  si^acings  of  the  driving  wheels?  Is  there  any  maximum,  or  can  they 
go  on  indefinitely?  The  want  of  harmony  or  rather  the  indej)endence 
of  the  different  departments  of  oiir  railroad  organization,  has  left  this 
important  question  to  be  solved  by  the  tentative  system,  rather  than  bv 
any  scientific  study  or  investigation.  That  all  of  the  roads  in  our  vast 
system  should  adopt  one  maximum  train  load  for  designing  their  struc- 
tures, even  could  such  a  maximum  be  decided  upon,  cannot  be  expected. 
The  peculiarities  of  each  road  as  to  grade,  alignment,  traffic  and 
financial  strength  must  lead  to  variations. 

That  every  road  should  build  the  best  and  strongest  bridges  that  a 
sound  and  far  sighted  financial  management  will  admit,  is  true.  But 
we  cannot  expect  more  than  this.  Bridges,  therefore,  Avill  continue  to 
be  built  of  various  capacities.  Our  duty  as  engineers,  is  to  strive  to  ad- 
vance their  capacity  as  far  ahead  of  present  needs  as  the  funds  available 
will  permit. 

We  may  accomplish  this  jjurpose  best  by  bearing  in  mind  certain 
principles : 

First. — By  selecting  for  our  live  loads  typical  train  loads,  where 
the  engine  loads  will  bear  a  reasonable  relation  to  the  following  train 
load.  The  growth  of  the  traffic  and  develoj)ment  of  the  train  loads  will 
then  be  more  likely  to  increase  the  strains  on  all  parts  of  our  stritctures 
proportionately,  and  they,  therefore,  can  be  used  till  they  have  reached 
their  maximum  justifiable  duty;  instead  of  removing  them,  as  is  now  so 
frequently  the  case,  because  the  floors,  counters  or  detail  parts  are  over- 
worked. 

A  recently  constructed  bridge  is  known  to  the  author,  which  was 
designed  for  a  very  heavy  load,  so  badly  ai'ranged  that  paj-ts  of  the 
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structure  are  only  of  a  capacity  equal  to  the  present  service  of  the  road, 
while  other  parts  have  double  this  capacity.  The  material  in  this  bridge, 
jDroperly  arranged,  would  have  given  a  structure  at  least  fifty  per  cent, 
stronger  for  future  trailic,  than  it  can  now  do. 

Second. — By  not  increasing  our  unit  strains  in  proportion  to  our 
faith  in  new  forms  and  new  material,  where  necessity  does  not  compel  us. 

To-day  we  are  able  to  get  some  steel  forms  at  a  less  price  than  iron 
ones,  and  some  others  at  the  same  jjrice.  Before  long  we  will  get  all 
steel  cheaper  than  iron.  Why  not  take  advantage,  when  we  can,  of  this 
advance  towards  a  stronger  material  to  increase  the  capacity  of  our 
bridges?  Why  endeavor  to  push  the  strains  up  to  the  limits  of  our  faith 
in  its  capacity  for  the  various  forms? 

Camber. — The  desired  camber  is  obtained  by  making  the  length  of 
the  top  chord  panels  to  exceed  those  of  the  lower  chord  by  an  amount 
slightly  in  excess  of  the  sum  of  the  compression  and  elongation  of  the 
toi?  and  bottom  chord  panels  respectively,  under  the  working  strains. 

For  strains  in  the  top  chord  of  8  000  lbs.  per  square  inch  and 
10  000  lbs.  for  the  tension  of  the  lower  chord  and  a  modulus  of  elasticity 
of  24  000  000  lbs.,  the  sum  of  the  changes  in  the  two  chords  would  be 

18  000      _     1 
24  000  000       1333. 

This  amount  of  increase  would,  however,  only  provide  for  the  deflec- 
tion due  to  the  chords.  To  provide  for  the  additional  deflection  due  to 
the  web  system  of  the  trusses,  and  to  allow  some  excess,  this  amount  is 

usually  increased  one-third,  which  makes  ,        ,  which  corresponds  very 

closely  to  "I  inch  for  every  10  feet  of  panel." 

This  becomes  a  very  convenient  rule  for  the  shops  where  English 
measures  are  employed.  It  is  entirely  independent  of  the  depth  of  the 
truss  and  only  requires  modification  when  the  unit  strains  differ  from 
the  above  averages. 

Lateral  and  Transverse  Bracings. — The  general  practice  in  America 
is  to  brace  our  trusses  for  a  definite  amount  of  lateral  force  per  lineal 
foot  of  the  structure,  instead  of  assigning  so  many  pounds  of  wind 
pressure  per  square  foot  of  exposed  surface. 

This  has  arisen  from  two  causes:  1st.  The  indefiniteness  of  the 
methods  of  estimating  the  exposed  area,  thus  giving  unfair  advantages 
to  the  less  scrupuloiis  comijetitor.     2d.  The  recognition  by  practical 
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engineers  that  there  are  other  forces  requiring  lateral  resistance,  even  in 
districts  that  may  be  windless. 

The  rule  formulated  for  the  Erie  specifications  in  1878  and  now 
generally  adopted,  Avas  as  follows: 

"To  provide  for  wind  strains  and  vibrations,  the  top  lateral 
bracing  in  deck  bridges  and  the  bottom  lateral  bracing  in  through 
bridges  shall  be  proportioned  to  resist  a  lateral  force  of  450  pounds  for 
each  foot  of  the  span,  300  pounds  of  this  to  be  treated  as  a  moving 
load. 

"The  bottom  lateral  In-acing  iu  deck  bridges  and  the  top  lateral 
bracing  iu  through  bridges  shall  be  proiJortional  to  resist  a  lateral  force 
of  150  pounds  for  each  foot  of  the  span." 

"In  no  case  shall  any  lateral  or  diagonal  rod  have  a  less  area  than  J 
of  a  square  inch." 

While  the  above  rules  correspond  apjaroximately  to  30  pounds  pres- 
sure on  the  projected  surface  of  a  train  of  cars  and  the  trusses,  it  was 
only  selected  after  comparing  the  results  with  existing  bridges  up  to 
200  feet  spans,  which  gave  satisfactory  lateral  action  under  raj^idly 
moving  trains. 

5.  Strength  of  Matekiax.  and  Paets  of  Skeleton  Stkuctuees. 

In  the  early  days  of  iron  bridge  building,  the  knowledge  of  the 
strength  of  materials  was  very  limited.  The  early  experiments  of 
Fairbairn  and  Hodgkinson  comprised  aboiit  the  extent  of  our  knowl- 
edge of  the  strength  of  iron. 

Crnde  tests  made  upon  grooved  specimens  of  a  small  size,  lead  to 

much  misconception  of  the  capabilities  of  American  bar  iron.     In  a 

pamphlet  by  Mr.  Wendell  Bowman  on  his  Harj)er's  Ferry  Bridge,  built 

in  1851-52,  he  states 

"the  tensile  strength  of  the  best  American  bar  iron  tables  as  80  000 
pounds  per  square  inch.  Its  practical  value  is  generally  rated  at  about 
one-fourth  the  nominal  value.  In  the  diagram  (his  sirdin  sheet)  the 
highest  value  of  iron  is  16  000  pounds,  being  reduced  below  any  prob- 
able rate  of  fibral  separation  in  any  j^revious  data." 

Even  as  late  as  1870,  Captain  Eads  was  assured  by  the  manufacturers 
of  bar  iron  that  there  was  no  difficulty  in  furnishing  bars  of  any  size, 
capable  of  standing  60  000  pounds  per  square  inch,  and  he  made  the 
contract  for  the  St.  Louis  Bridge  with  this  expectation,  only  to  be  dis- 
api^ointed. 

In  1878,  when  the  requirements  for  the  strength  of  bar  iron  as  con- 
tained in  the  Erie  specifications,  making  a  reduction  in  the  ultimate 
strength  as  the  size  of  the  bars  increased,  was  submitted  to  the  most 
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experienced  iron  masters  for  their  criticism,  they  were  condemned  bj 
all  with  but  one  exception,  Mr.  Andrew  Kloman,  of  Pittsburgh:  1st,  as- 
being  entirely  too  low  in  tensile  requirement  for  good  bar  iron;  and  2d, 
in  making  any  allowance  for  increased  section  of  the  bars;  "there 
being  no  reason  why  the  fibers  in  large  bars  should  not  be  as  strong  as 
in  the  smaller. " 

It  may  be  unnecessary  to  state,  that  when  these  specifications  were 
enforced,  and  the  accejatance  of  the  material  became  dependent  upon 
the  test  made  on  either  the  bars  themselves  or  specimens  cut  from 
the  same,  it  was  found  that  only  the"  best  and  highest  jariced  bar  iron 
could  meet  the  requirements. 

The  general  tendency,  since  then,  has  been  to  relax  them  somewhat 
for  a  broader  competition. 

The  Phoenix  Iron  Compauj^  and  the  Keystone  Bridge  Company  had 
crude  testing  machines  at  their  shops  i^revious  to  1870. 

They  were  used  to  test  the  strength  of  eye-bars  and  wrought-iron 
columns.  In  some  of  the  more  important  structures,  all  the  eye-bars 
were  tested  up  to  a  strain  of  20  000  pounds  per  square  inch. 

While  these  machines  were  crude,  they  did  serve  to  develop  the  de- 
tail proportions  of  the  eye-bar  and  column  used  by  these  companies. 
The  use  of  steel  and  new  forms  of  members  in  the  St.  Louis  Bridge, 
in  connection  with  the  importance  of  the  structure  and  the  yet  untried 
method  of  erecting  as  a  cantilever,  impelled  the  engineer  and  the  con- 
tractors to  unusual  efforts  to  determine  the  capacity  of  the  material  and 
of  the  forms  to  be  used. 

Of  the  many  thousand  tests  made  during  the  construction  of  this 
work,  but  a  limited  number  have  ever  been  published;  the  general  de- 
ductions, however,  soon  passed  into  accepted  doctrine,  and  developed  a 
keener  desire  for  a  more  refined  knowledge  of  the  influence  of  form  and 
proportion  upon  all  our  bridge  members. 

The  eye-bar  had  been  well  developed  under  the  crude  tests  previ- 
ously made  by  the  early  bridge  companies. 

Full  sized  tests  had  also  been  made  on  a  limited  number  of  wrought- 
iron  columns.  But  no  marked  jirogress  was  made  in  the  forms  of  com- 
pression members,  till  after  the  tests  of  Mr.  Bouscaren  on  the  forms 
then  in  use.  His  tests  not  only  showed  the  inapplicability  of  Gordon's 
formula,  but  also  the  possibility  of  much  better  results  by  improving 
the  detail  of  the  open  and  box  columns;  the  only  forms  of  columns 
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^vitllout  a  ijroprietary  claim  and  the  ones  best  adai^ted  to  the  American 
style  of  bridges;  as  they  gave  ready  facilities  for  connections  Avithout 
the  use  of  cast-iron. 

From  this  time  forward  rapid  xjrogress  has  been  made  in  the  detail 
and  proportion  of  all  our  full  sized  bridge  members. 

To-day  every  first-class  bridge  manufactory  has  its  complements  of 
testing  machines,  to  test  Avith  all  the  refinements  either  samples  of  the 
material  or  full  sized  members  in  comin'ession,  tension  or  transverse 
strain.  Our  knowledge  of  the  strength  and  capabilities  of  our  material 
and  of  the  usual  forms  employed  in  the  American  style  of  bridge  is 
such,  that  no  first-class  bridge  company  in  America  hesitates  to  accept 
the  clause  now  general  in  all  specifications,  that  "full  sized  members 
may  be  tested  to  destruction,"  with  the  sole  proviso  that  the  expense  of 
testing  and  cost  of  the  piece  shall  be  paid  for  by  the  purchaser  if  it 
satisfies  the  requirements  of  the  usual  specifications. 

This  positive  knowledge  of  the  capacity  of  our  full  sized  members 
marks  one  of  the  great  advantages  of  our  system  of  bridges  over  all 
others.  Our  "factor  of  ignorance"  has  been  reduced  to  this  extent; 
a  no  mean  portion. 

We,  therefore,  have  a  right  to  claim,  that  as  our  working  strains  are 
as  low  and  in  many  cases  lower  than  those  used  in  Europe,  with  our 
more  perfect  knowledge  of  the  strength  of  our  members,  we  have  in  our 
first-class  structures  a  greater  factor  of  security  than  prevails  in 
European  bridges. 

In  the  appendix  will  be  found  tables  of  the  abstracts  of  the  more 
recent  tests  on  eye- bars  and  compression  members. 

6.  Manufacture  of  Bridges. 

The  great  demand  for  iron  bridges  in  a  country  as  vast  as  the 
United  States  caused  the  formation  of  companies  for  the  special  pur- 
pose of  manufacturing  and  erecting  bridge  structures.  They  estab- 
lished special  plant  and  created  a  corps  of  engineers,  who  have  made 
this  branch  of  engineering  a  special  one. 

There  are  to-day  in  America  more  than  forty  bridge  building  com- 
panies manufacturing  railroad  and  highway  bridges. 

Of  these,  at  least  a  dozen  are  capable  of  constructing  bridges  of  every 
size  in  a  first-class  manner. 

The  shops,  which  can  be  called  especially  shops  capable  of  construct- 
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ing  the  largest  class  of  railroad  or  highway  bridges,  are  capable  of  turn- 
ing out  by  the  year  125  000  tons  of  bridge  work. 

It  would  be  safe  to  estimate  that  all  the  shops  could  turn  out 
200  000  tons,  or  approximately  80  miles  of  100  feet  spans  of  single  track 
railroad  bridges,  per  year,  if  their  plant  were  devoted  exclusively  to  this 
work.  Other  iron  work,  as  roofs,  iron  buildings,  piers,  elevated  rail- 
roads, etc. ,  however,  make  a  considerable  figure  in  their  yearly  output. 
Some  few  of  the  bridge  shops  have  been  constructed  to  do  riveted  work 
almost  exclusively. 

The  typical  American  bridge  shops  are,  however,  fitted  to  do  any  class 
of  bridge,  girder  or  roof  work,  whether  it  be  exclusively  riveted,  or  com- 
bined riveted  and  i^in-connected  work.  Each  company  has,  therefore, 
the  following  arrangements  for  receiving  the  iron,  and  putting  it  through 
all  the  processes  to  the  completion  ready  for  shipment: 

Fh-st. — Receiving  yard,  where  the  iron  for  each  bridge  is  properly 
classified  and  stored. 

Second. — Department  for  straightening,  where  pieces  can  be  straight- 
ened with  more  accuracy  than  can  be  obtained  directly  from  the  rolling 
mills. 

Third. — Temjjlate  and  pattern  shop,  for  preparing  the  templates  for 
the  rivet  and  pin  holes  and  crude  sha]3es  and  dimensions  of  all  jjieces, 
with  the  proper  allowance  for  final  tool  finish. 

Fourth. — Laying  out  shops,  where  each  individual  piece  of  iron  is 
carefully  marked  in  accordance  with  the  templates. 

Fifth. — Punch  and  shear  shop,  where  all  the  iron  is  punched  and 
sheared. 

Sixth.  —Fitting  up  shop,  where  all  the  iron  for  riveted  members  is 
assembled  and  bolted  together  ready  for  the  riveting  machines. 

Seventh. — Eiveting  shop,  with  its  proper  comjalement  of  air,  steam 
and  hydraulic  riveting  machines. 

Eighth. — Machine  shop  for  planing,  boring,  turning,  etc.,  to  com- 
plete the  finished  bearing  surfaces  of  all  the  members. 

Ninth. — The  upsetting  and  forge  shops  for  making  eye-bars  and  all 
forged  parts  required. 

Tenth. — Painting  and  shipping  sheds  and  yard. 

The  aim  in  the  construction  is  to  pass  the  material  from  the  time  of 
its  receipt  from  the  rolling  mill  to  its  final  shipment  through  the  neces- 
sary steps  with  as  little  waste  labor  in  handling  as  possible  and  to  per- 
form all  work  by  machinery  in  preference  to  hund  labor. 
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"Wliile  the  laying  out  and  riveting  are  done  witli  all  care  and  accuracy, 
tlie  lengths  of  the  members  and  the  fitting  of  the  same  together  do  not 
depend  upon  the  accuracy  or  neglect  of  these  processes. 

The  length  of  all  abutting  members  and  distances  between  centers  of 
pin  holes  are  determined  finally  at  the  machines  for  planing  the  abutting 
•ends  or  for  boring  the  pin  holes. 

Machines  for  operating  on  each  end  of  such  members  are  provided 
with  iron  beds  and  extremely  accurate  methods  of  setting  the  same  to 
any  required  distances. 

Such  machines  once  set  and  operated  "with  proper  precautions  in 
regard  to  uniform  temperature  guarantee  great  accuracy  of  duplication 
of  all  similar  parts. 

It  is  sometimes  claimed  that  there  is  an  error  in  lengths  of  parts  due 
to  the  usual  allowances  for  play  of  the  pins  in  the  pin  holes,  varying 
from  8^4  to  3-2  of  an  inch,  according  to  the  size  of  the  pins.  This  is  an 
error;  this  allowance  is  provided  for  by  either  measuring  from  out  to  out 
of  the  pin  holes  for  tension  members  and  from  the  inside  of  the  pin  holes 
for  compression  members,  or  by  taking  it  into  consideration  where  the 
lengths  are  given  from  center  to  center. 

The  surety  of  the  fitting  of  the  members  of  even  the  largest  structures 
after  they  have  passed  through  a  properly  organized  bridge  shop  is  such 
that  no  assembling  of  the  finished  members  of  a  structure  is  ever  made 
at  the  shoi^s,  except  in  extremely  crooked  and  complicated  structures, 
and  even  then  not  as  a  whole,  but  only  sufficient  to  test  the  fitting  of 
specially  intricate  connections. 

The  rapidity  of  the  erection  of  our  structures  and  the  satisfactory 
manner  in  which  they  come  together  in  the  field  without  any  tool 
work  prove  the  certainty  of  the  American  methods. 

A  pin  connected  truss  is  composed  of  the  following  class  of  members: 

1.  Top  chord  sections. 

2.  End  posts. 

3.  Intermediate  i^osts. 

4.  Pedestals. 

5.  Lower  chord  bars. 

6.  Diagonal  web  bars. 

7.  Pins. 

The  top  chord  sectio7is  and  end  posts  are  usually  similar  in  form.  They 
are  usually  formed  of  two  or  more  vertical  channels,  either  of  rolled 
forms,  or  built  of  angles  and  plates,  connected  on  to^)  with  a  cover  plate 
and  on  the  bottom  with  lattice  bars. 
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In  tlie  best  practice  most  of  the  material  for  these  members  is  con- 
centrated in  the  vertical  channels;  the  top  plate  besides  acting  as  a 
cover  and  stiflfener  during  transportation,  gives  an  unbalanced  section 
sufficient  to  counteract  the  tendency  to  deflect  due  to  the  weight  of  the 
piece.  The  pin  holes  are  reinforced  by  additional  jilates  to  reduce  the 
bearing  pressure  to  the  allowed  limits.  The  amount  of  rivets  in  these 
pin  i^lates  and  at  the  ends  of  the  sections  is  made  large  enough  to  dis- 
tribute the  localized  i>in  pressure  over  the  section  of  the  whole  chord. 

The  chords  are  spliced  at  one  side  of  the  pin  hole  to  insure  a  full  pin 
hole  for  more  convenient  boring  and  to  enable  the  rivets  in  the  splice 
to  be  driven  after  the  parts  are  assembled. 

After  these  chords  are  riveted  together  in  the  shop  the  abutting  ends 
are  carefully  tooled  to  square  surfaces  and  exact  lengths  and  the  pin 
holes  bored.  The  accuracy  of  the  finished  lengths  and  diameter  of  pin 
holes  and  the  character  of  the  tool  work  having  been  passed  upon  by 
the  inspector,  the  piece  is  marked,  painted  and  stored  for  shipment. 

All  posts  are  made  with  pin  bearings  only.  The  intermediate  posts 
are  usually  made  of  the  open  form,  consisting  of  two  channels,  either 
rolled  or  built  uj)  of  jjlates  and  angles,  latticed  on  both  sides.  The  sizes 
of  the  end  or  batten  plates  and  the  lattice  bars  have  been  evolved  from 
experience  in  transportation  and  from  the  study  of  the  results  of  full 
sized  tests. 

The  ends  of  the  posts  are  usually  forked  (see  Fig.  E,  Plate  XXVII), 
in  order  to  pack  between  them  the  tension  bars  to  produce  a  more 
compact  joint. 

These  ends  are  stiflened  by  thickening  with  jalates  of  sufficient  length 
to  make  the  compressive  strength  of  these  ends  fully  up  to  the  capacity 
of  other  parts  of  the  same  post. 

The  pedestals  are  riveted  members  formed  of  plates  and  angles.  They 
are  proportioned  for  the  proper  l^earing  pressure  and  with  rivets  suffi- 
cient to  meet  all  the  strains.  Their  base  is  determined  by  the  allowed 
pressure  upon  the  masonry. 

Under  the  pedestals  of  one  end  of  the  sjjan,  nests  of  friction  rollers 
proi:)ortioned  according  to  an  accepted  rule  are  placed,  to  provide  for  the 
expansion  and  contraction  of  the  trusses. 

LoiL-er  chord  &ars.— These  are  flat  bars  with  forged  eyes  at  each 
end.  These  bars  have,  in  the  past,  been  made  by  various  methods. 
But   economy   in   their  manufacture  has  developed  special  upsetting 
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and  die  forging  machines  of  great  power,  nsing  either  steam  or 
hydraulic  pressure,  by  which  they  can  be  made  with  great  certainty  and 
at  a  very  moderate  cost.  Only  by  such  perfected  machinery  and  great 
exi^erience  in  the  w'orking  could  such  accurate  results  as  are  demanded 
by  our  ordinary  specifications  be  attained.  The  center  of  the  heads 
must  be  in  the  center  line  of  the  bar  and  the  heads  symmetrical  to  this 
line.  The  heads  must  be  clean,  smooth  and  of  proper  thickness.  The 
necks  must  be  of  proper  shape  and  upset  so  as  to  be  full  in  all  dimen- 
sions. The  lengths  between  centers  of  the  heads  must  be  very  close  to 
correct  length  or  when  bored  there  will  not  be  the  proper  excess  for  the 
eye.  To  produce  such  bars  economically  all  reheating  and  reworking 
to  correct  errors  must  be  avoided. 

The  process,  of  course,  requires  the  best  material,  whether  of  iron 
or  steel. 

All  steel  bars  are  annealed  after  they  have  been  forged. 
Our  summary  of  some  recent  tests  made  in  the  ordinary  course  of 
the  execution  of  contracts  shows  how  perfectly  these  bars  answer  to  the 
full  capacity  of  the  material. 

Web-hars. — These  are  similar  to  the  lower  chord  bars,  except  the 
counter-rods,  w^hich  are  made  in  two  pieces  and  connected  by  sleeve  nuts 
or  turnbuckles.  It  is  the  best  practice  to  secure  these  turnbuckles  or 
sleeve  nuts  firmly  in  their  position  after  these  rods  have  been  properly 
adjusted. 

Pins. — These  are  made  of  round  iron  or  steel,  turned  perfectly 
smooth,  and  to  accurate  diameters,  with  an  allowance  of  5-0  inch  for  pins 
under  4^  inches  diameter,  and  -st  inch  for  larger  pins,  less  diameter  than 
the  bore  of  the  pin  holes.  These  pins  have  wrouglit-iron  nuts  at  each 
«nd,  which  are  tightly  screwed  up  and  secured  after  the  bridge  is  con- 
nected together. 

The  Iron  Floor  System  of  our  bridges  consists  of  cross  fioor  beams  at 
each  panel  point,  with  a  pair  of  stringers  under  each  track.  These  floor 
beams  and  stringers  are  usually  folate  girders.  This  system  is  connected 
to  the  trusses  usually  in  one  of  two  ways  ;  either  by  suspending  from 
the  pins  or  by  riveting  to  the  vertical  posts  for  through  bridges ;  or 
for  Deck  Bridges,  either  resting  on  the  top  chords  at  the  panel  points, 
or  by  riveting  to  the  posts.  Each  particular  case  must  be  worked  out  to 
accomiilish  the  purpose  best,  considering  the  local  requirements  of 
clearance  for  floods  or  navigation,  head  room,  etc. 
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Lateral  and  Sway  Bracing.  —  The  horizontal  and  vertical  bracing^ 
between  the  trusses  have  generally  in  the  jiast  been  similar  to  the  other 
characteristics  of  our  type  of  bridge,  rectangular  systems  of  tension 
rods  and  compression  struts  connecting  to  the  pins  of  the  main  trusses. 
Of  late  years  the  preference  for  more  rigid  forms  for  the  parts  of  these 
comparatively  light  trusses  has  led  to  the  use  of  angle  iron  bracing 
instead  of  tension  rods. 

7.  Erection  of  Bridges. 

The  great  risk  involved  in  erecting  important  structures  over  rivers 
subject  to  sudden  floods,  ice  jams  and  similar  dangers,  emphasizes  the 
importance  of  having  a  style  of  structure  which  can  be  rapidly  and 
surely  assembled  without  detriment  to  the  perfection  of  the  workman- 
ship or  accuracy  of  the  connections. 

The  American  pin-connected  bridge  is  especially  suited  for  this  pur- 
pose, the  connection  of  the  comparatively  few  compact  members  beings 
readily  completed  after  they  have  been  hoisted  into  position  by  the 
driving  into  jjlace  the  connecting  pin  and  securing  the  same  by  setting- 
up  the  nuts. 

The  only  rivets  to  be  driven  in  the  main  trusses  are  usually  those  in 
the  plates  connecting  the  top  chord  and  end  post  sections.  But  these 
do  not  in  any  manner  afiect  the  perfect  action  of  these  members,  which 
depends  entirely  ujion  the  machine  surfaces  of  the  abutting  ends  and 
the  turned  pins.  They  serve  solely  to  insure  the  bearing  surfaces  from 
side  displacements  through  any  accidental  blows.  They  can  be  con- 
nected by  bolts,  or  the  rivets  may  be  driven  at  any  time,  even  after  the 
bridge  is  in  use  for  trains. 

The  rivets  in  the  floor  system  can  likewise  be  driven  after  the  bridge 
is  free  from  the  false  work. 

The  erection,  therefore,  of  a  pin-connected  bridge  is  very  readily 
performed,  and  with  men  experienced  in  this  class  of  work  with  mar- 
velous rapidity. 

The  importance  of  the  erection  with  rapidity  compels  a  careful 
design  for  the  detail  of  all  connections,  and  also  often  gives  weight  in 
favor  of  a  special  style  over  all  others. 

The  additional  security  of  the  cantilever  method  of  erection  favors 
that  form  of  bridge  for  long  spans  over  deep  gorges  or  rivers  where  the 
risks  are  unusually  great. 
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The  selection  of  a  cantilever  style  of  bridge  for  spans  less  than  500 
feet  is  entirely  unjustified,  excejat  where  the  special  merit  of  this 
method  of  erection  outweighs  the  objectionable  features  of  the  system — 
excessive  deflection  and  reversal  of  strains. 

The  rapidity  with  which  our  pin-connected  trusses  can  l)c  assembled 
and  swung  clear  of  the  supporting  false  works  has  been  so  often 
demonstrated,  it  would  be  useless  to  enumerate  examples. 

A  250-foot  span  railroad  bridge  has  been  erected  in  sixteen  working 
hours,  taking  the  material  from  the  storage  yard  1  000  feet  from  the 
bridge,  without  any  emergency  demanding  unusual  exertions. 

It  would  be  no  exaggeration  to  assert  that  any  span  iip  to  250  feet 
could  be  erected  within  the  limits  of  one  day -light,  so  as  to  be  self-sus- 
taining and  independent  of  all  risks  from  loss  of  the  false  works. 

The  erection  of  the  two  channel  spans  of  the  Cairo  bridge  is  an 
example  of  rapid  erection,  which  illustrates  the  possibilities  of  the 
American  system  of  construction. 

These  spans  were  each  518  feet  6  inches  center  to  center  of  end  pins; 
61  feet  deep  center  to  center;  25  feet  wide  center  to  center  of  trusses; 
panel  lengths  30  feet  5|  inches.  Total  weight  of  one  span,  2  055  200 
pounds. 

The  first  span  was  erected  in  six  days.  After  this  span  was  erected, 
the  false  works  were  taken  down,  the  supporting  piles  drawn  and 
redriven  for  the  second  span,  the  false  works  again  put  up  and  the 
second  span  erected. 

The  whole  time  covering  the  erection  of  the  two  spans  and  moving 
the  false  works  was  one  month  and  three  days,  including  five  days  lost 
time,  waiting  for  the  completion  of  the  masonry. 

The  false  works  and  traveler  were  in  position  ready  to  commence  the 
erection  of  the  second  span  by  2.30  p.  m.,  October  30th,  1888.  At  2.50 
P.M.,  November  3d,  the  trusses  of  this  span  and  the  top  bracing  were 
all  connected.  No  work  was  done  at  night.  The  material  was  run  on 
trucks  about  1  025  feet  from  the  storage  yard  to  the  nearest  end  of  the 
span  being  erected.  About  twenty-four  men  were  employed  in  deliver- 
ing the  material  and  fifty  in  erecting  and  connecting  together. 

The  false  works  stand  about  104  above  low  water.  The  bents  being 
72  feet  high  above  the  capping  of  the  piles.  The  depth  of  water  at  its 
low  stage  is  about  20  feet.     The  piles  were  from  50  to  75  feet  long. 

The  erection  of  these  spans  was  done  by  William  Baird  &  Co. ,  sub- 
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contractors,  under  the  Union  Bridge.  Company,  for  this  part  of  the 
Avork.  Plates  XX  to  XXIV  are  reproductions  of  i)hotograph8  taken 
every  twenty-four  hours  to  show  the  daily  progress  of  the  erection 
of  this  second  sjian. 

8.  TrpicAii  American  Ea.ilroad  Bridges  and  their  Kelative  Merits. 

While  the  pin-connected  bridge  is  recognized  as  the  one  which 
can  be  especially  called  the  American  type,  American  bridge  engi- 
neers have  not  failed  to  "search  all  things  and  hold  fast  that  whicli 
is  good,"  not  only  within  our  own  experience  but  within  that  of 
European  practice.  We  have  had  one  great  advantage  over  our 
European  brothers,  that  their  works  and  practice  are  so  much 
prompter  and  fuller  given  in  the  technical  literature  of  the  day. 
We  have  had  another  advantage  from  our  allying  the  several  branches 
of  designing,  manufacturing  and  erecting  more  intimately  than  is  usual 
in  European  countries.  We  have  been  less  liable,  therefore,  to  give 
undue  weight  to  the  claims  of  theorists  or  the  riders  of  hobbies.  Nearly 
every  imaginable  form  of  structure  has  been  tried  in  the  past  by  some 
enthusiast. 

After  an  experience  unequaled  for  its  variety  and  extent,  we  are  ar- 
riving at  a  very  general  uniformity  in  the  styles  of  bridges  to  be  adopted 
for  different  spans. 

Ten  years  ago,  of  a  thousand  bridges  of  which  no  two  would  be 
alike,  a  practical  bridge  engineer  could  almost  inv-ariably  determine  the 
designer  and  manufacturer,  either  by  the  general  style  of  the  bridge  or 
by  the  use  of  some  peculiar  forms  of  member  or  detail. 

To-day  the  use  of  a  peculiar  form  of  truss,  member  or  detail  is  due 
more  to  the  special  necessities  of  the  case  than  to  the  idiosyncrasies  of 
any  i^articular  individuals. 

While  no  two  bridges  to-day  are  exactly  alike,  there  is  a  general 
approximation  to  certain  broad  types  in  styles  and  detail. 

Plate  Qirders. — These  are  very  generally  used  for  spans  up  to  65 
feet,  or  lengths  which  do  not  require  more  than  two  ordinary  Hat  cars  33 
feet  long  to  tr.insport  from   the  shops  to  the  bridge  site. 

Some  railroad  companies  have  extended  their  maximum  length  for 
plate  girders  to  three  car  lengths,  or  about  100  feet. 

These  girders  are  riveted  completely  at  the  shops.  Plate  girders 
completed  at  the  shops  in  this  manner  give  excellent  satisfaction.     For 
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■equivalent  strengths,  they  are  cheaper  up  to  at  least  65  feet  spans  than 
lattice  girders.  Their  maintenance  is  also  less.  Their  relative  security- 
is  far  greater  ;  one  per  cent,  of  faulty  rivets  will  make  a  much  greater  re- 
duction of  strength  in  a  lattice  girder  than  in  a  plate  girder  to  do  the 
same  duty.  Plate  girders  are  cleaner  than  lattice  girders,  being  free 
from  the  numerous  recesses  and  corners  peciiliar  to  this  latter  type, 
and  hence  less  exposed  to  the  accumulation  of  dirt,  moisture  and  their 
accompanying  oxidation. 

Lattice  Girders. — Riveted  lattice  girders  liave  been  used  quite  gen- 
erally on  all  our  railroads  for  short  spans  and  on  certain  lines  of  railroad 
for  all  spans.  For  the  shorter  sjaans,  as  before  stated,  preference  is 
now  strongly  iu  favor  of  plate  girders.  For  the  larger  spans  the 
necessity  of  performing  so  much  riveting  of  important  connections  at  the 
bridge  site,  where  that  care  and  accuracy  attainable  at  the  shops  cannot 
be  depended  upon,  does  not  render  them  acceptable  to  many  engineers. 
And  the  necessarily  increased  risks  and  cost  of  the  erection  lead  most 
manufacturers  to  i^refer  some  other  style  of  bridge,  except  for  special 
cases. 

While  lattice  bridges  have  given  good  satisfaction  where  they  have 
been  well  i^roportioned,  they  have  no  merits  which  cannot  be  also  had 
from  our  pin-connected  types.  They  have  not,  therefore,  made  any 
progress  for  the  longer  si^ans. 

On  most  of  our  roads  they  are  now  generally  limited  to  the  spans 
between  the  longest  plate  girders  and  the  minimum  pin-connected 
sjjans;  a  limit  not  definitely  fixed,  the  lower  limit  being  determined 
by  the  relative  cost  of  jilate  and  lattice  girders  and  the  ability  of  the 
roads  to  transport  long  plate  girders  i  and  the  upi^er  limit  by  the  per- 
sonal preference  of  the  engineer.  These  limits  may  be  broadly  stated 
as  somewhere  between  60  and  120  feet.  The  riveted  form  of  connection 
has  an  advantage  over  the  pin  form  for  the  lower  spans,  to  be  deter- 
mined by  the  circumstances  of  each  case,  from  the  additional  stififness 
of  the  connections  and  the  form  of  the  members.  This  is  partially 
attained  by  some  designers  by  using  stiff  members  for  both  tension  and 
compression  in  their  short  pin-connected  trusses.  It  would  be  possible 
to  make  an  equally  stiff  pin-connected  bridge  for  these  lower  spans,  and 
at  the  same  time  attain  that  perfection  of  fitting  and  lengths  of  parts 
peculiar  to  this  form  of  truss,  if  those  connections,  at  which  reversal  of 
strains   occur,    were  also  rigidly    bolted    or  riveted    together.      This 
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might  be  objectionable  to  tlie  theorists  who  object  to  secondary  strains. 
The  author  does  not  consider  these,  if  restrained  within  proper  bounds, 
as  so  objectionable  ;  pin-connected  trusses  cannot  be  considered  as  free 
from  them,  as  long  as  there  exists  such  a  thing  as  friction. 

Pin- connected  Spans.  — With  the  exception  of  not  over  a  few  hundred 
spans,  the  longest  of  which  are  260  feet  (lattice  bridges),  the  iron  rail- 
road bridges  of  the  United  States  for  spans  over  100  feet,  amounting  ta 
about  7000  spans,  aggregating  210  miles  in  length,  are  of  the  pin-con- 
necting tyije. 

The  American  people  are  of  too  practical  a  character  to  have  built 
this  quantity  of  bridges  of  a  peculiar  type,  with  the  knowledge  of  other 
forms  in  use,  both  here  and  in  European  countries,  and  after  thirty 
years'  experience  in  their  use,  to  still  adhere  to  them,  if  their  merits 
were  not  strong  and  positive  ones. 

Through  all  the  changes  of  styles  of  trusses  and  forms  of  parts,  the 
connection  of  the  members  by  means  of  pins,  and  the  attaining  accu- 
racy of  lengths  and  fittings  by  machining  the  joints,  has  been  persistent. 

Forms  of  trusses  with  more  than  a  single  system  of  triangulation 
have  gi-adually  been  rejected,  and  have  now  disappeared  fi-om  first-class 
bridge  designing. 

Such  subdivisions  of  the  trusses  as  will  give  the  greatest  concentra- 
tion of  parts,  with  long  panels,  and  without  any  theoretical  or  practical 
ambiguity  of  strain  under  a  miscellaneous  series  of  wheel  loads,  are 
now  only  adopted. 

Forms  of  members  requiring  cast-iron  joint  boxes  or  other  uses  of 
this  material  have  become  obsolete. 

The  old  forms,  like  the  Bollman,  Fink,  Lowthorp  and  Post  trusses- 
(see  Plates  XII,  XIII,  XIY,  XY,  XXV,  XXVI),  have  disappeared  from 
American  practice.  The  double  intersection  Whipple  or  Linville  is 
rapidly  following  them.  Generally  bridges  are  made  with  parallel 
chords  and  equal  panels;  this  gives  the  minimum  number  of  different 
lengths  of  parts,  which  leads  to  greater  economy  and  accuracy  of 
manufacturing.  For  the  longer  spans,  the  depth  may  be  reduced  with 
advantage  at  the  end  panels. 

The  longest  pin  connected  truss  span  in  existence  is  the  recently 
comj^leted  channel  si)au  of  the  Ohio  River  Bridge  at  Cincinnati, 
5i5  feet  from  center  to  center  of  end  pins,  Si  feet  deep  at  the 
center  and  60  feet  at  the  end  posts;  panels,  27  feet  IJ  inches;  trusses,  30 
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feet  ajjart,  center  to  center.  It  carries  a  double-track  railroad  between 
the  trusses,  and  has  on  each  side  a  wagon-way  and  foot-walk,  16  feet  wide. 

The  persistence  of  the  jiin-connected  type  of  structure,  now  that  the 
bridge  engineer  acting  for  the  railroad  companies  has  become  an  im- 
portant factor  in  the  problem  of  bridge  construction,  shows  that  it  is 
not  solely  due  to  the  preferences  of  the  manufacturers;  but  that  the 
ojieration  and  maintenance  of  siich  structures  are  also  in  favor  of  this 
type. 

The  typical  American  railroad  bridge  is  a  skeleton  structure,  pin-con- 
nected at  all  the  principal  articulations.  Its  essential  characteristics 
in  addition  to  being  connected  by  pins  are  : 

First. — So  formed  as  to  reduce  all  ambiguity  of  strains  to  a  mini- 
mum ; 

Second. — Concentration  of  parts  ; 

Third. — Facility  of  manufacture  ; 

Fourth. — Perfection  of  lengths  and  fitting  of  all  the  members,  so  as 
to  reduce  to  a  minimum  all  riveting  or  mechanical  work  in  the  field  ; 

Fifth. — Eeadiness  with  which  the  individual  members  can  be 
assembled  during  erection. 

9.  Amount   and   Kind   of  Bridges  on  the  Kailroads  of  the 
United  States. 

The  author  attempted  to  collate  from  the  official  reports  of  the  State 
Railroad  Commissioners  the  data  from  which  to  form  an  estimate  of 
the  amount  and  kinds  of  bridges  on  our  railroads. 

He  found  that  many  States  had  no  bureaus  which  collected  this 
information.  Also,  that  many  reports  were  indefinite  and  evidently 
incorrect. 

In  order,  therefore,  to  obtain  more  definite  and  reliable  information, 
and  also  to  get  data  which  could  be  considered  as  ti'uly  representative 
of  all  the  geographical  divisions  of  the  country,  he  sought  it  directly 
from  the  principal  large  systems  of  railroads.  Many  of  these  systems 
promptly  placed  at  his  disposal  very  full  and  reliable  information  as  ta 
their  bridges. 

Taking  from  the  Railroad  Commissioners'  reports  such  data  as  ap- 
peared correct  and  complete,  and  adding  thereto  this  additional  informa- 
tion, avoiding  as  far  as  possible  any  duplication  of  the  same  roads, 
data  covering  nearly  60  000  miles  of  railroad,  fairly  distributed  over  the 
whole  of  the  country,  were  obtained. 
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In  order  to  make  tliese  data  as  nearly  comparable  as  possible,  the 
length  of  all  double-track  bridges  was  reduced  to  the  corresponding 
length  in  single-track  bridges. 

In  like  manner,  the  length  of  all  main  tracks,  omitting  sidings  and 
turnouts,  was  put  into  terms  of  single  track. 

Elevated  railroads,  which  are  composed  mostly  of  bridges  or  trestles, 
have  been  omitted  entirely. 

Table  No.  3  gives  the  general  data  as  to  quantity  of  bridges  and 
trestles  and  the  average  rate  per  mile  of  track. 

It  shows  that  the  relative  amount  of  bridges  and  trestles  varies  in 
different  districts  from  58  feet  per  mile  to  231  feet  per  mile.  This  last, 
however,  is  excessive,  from  including  the  crossing  of  Lake  Pontchartrain, 
near  New  Orleans,  on  a  trestle  22  miles  long.  Omitting  this,  we  would 
get  only  162  feet  per  mile  as  the  maximum. 

These  variations  are  not  entirely  due  to  geographical  location,  as 
might  appear  at  first  thought.  They  are  also  affected  by  principles 
governing  the  original  location  of  each  road  or  division  of  a  system. 
The  alignment  and  grade  may  have  been  sacrificed  to  the  avoidance  of 
bridges  or  trestles,  or  the  contrary. 

From  the  large  mileage  covered  by  our  table,  we  can  rely  with  con- 
siderable confidence  upon  our  average. 

TABLE  No.  3. 


System  of  Kailroad,  or  State. 


New  York  Central  and  West  Shore  Kailroacls 

New  York,  Lake  Erie  and  Western  Kailroad 

Other  Roads  in  New  York 

Koads  in  Pennsylvania 

Roads  iu  New  England 

Wabash  System  

Missouri  Pacific  System 

Chicago,  Milwaukee  and  St.  Paul  Kailroad 

St.  Liouis  and  San  Fiancisco  Railway 

Denver  and  Rio  Grande  Railroad 

Union  Pacific  Railroad 

Louisville  and  Nashville  Railroad 

Queen  and  Crescent  System 

Roads  iu  Illinois 

Roads  in  Michigan 

Roads  in  Iowa 

Central  Railroad  and  Banking  Company  of  Georgia. . . . 

Totals 


Miles  of 
Road. 


2  894 

1  514 

3  586 

4  352 

2  199 
1036 

4  707 

5  727 
1  441 

1  458 
4  754 

2  495 
1  139 
8  539 
4  151 
7  778 
1487 


Total  length 

of  Bridges 

and  Trestles 

in    feet. 


364  722 
95  509 
445  900 
336  9.)7 
176  700 
160  025 
566  953 
614  736 
130  075 
102  195 
276  032 
322  679 
299  222* 
707  535 
249  345 
1  049  386 
173  975 


69  857    6  071  946 


Lineal  feet 

of  Bridges 

and  Trestles 

per  Mile 

of  Road. 


126 

63 
130 

77 

80 

98 
120 
107 

90 

70 

58 
123 
231* 

83 

60 
135 
117 


101 


*  Included  the  crossing  of  Lake  Pontchartrain,  a  trestle  22  miles  long. 
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Taking,  therefore,  100  feet  per  mile  as  our  basis  of  estimate,  we  have 
for  the  160  000  miles  of  railroad  in  the  United  States,  16  000  000  feet  or 
3  030  miles  of  bridges  and  trestles. 

TABLE  No.  4. 
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is 

9  ■* 

c3 

H 

02 

M 

OQ 

02 

00 

00 

OQ 

oo 
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2  299  758 

85  181 

94165 

149 121 

80  551 

29  542 

5  677 

1211 

1040 

2  746  246 

<s 


104. 7  feet. 


Table  No.  4  gives  the  distribution  of  the  bridges  upon  26  000  miles 
of  railroad  into  spans  of  different  lengths. 

Using  this  as  a  basis  of  estimate,  the  3  030  miles  of  bridges  and 
trestles  in  the  United  States  should  be  distributed  as  follows : 

Trestles  and  spans  under  20  feet 2  424  miles  =  727  200  spans. . 

Spans  from  20-50  feet 121 

"  50-100"     130 

"  100-150"     190 

"  150-200"     109 

"  over  200  feet 56 

3  030 

The  above  includes  all  bridges  of  either  wood  or  iron. 

Using  the  detailed  information  in  the  author's  possession  as  to  the 
bridges  on  the  above  26  000  miles  of  railroad,  which  are  of  wood,  com- 
bination and  iron,  we  obtain  the  following  estimate  for  the  amount  of 
iron  bridges  on  our  railroad  system: 

Iron  spans  under  20  feet 17  miles  =    5  100  spans. 


= 

18  150     " 

= 

9  100     " 

= 

8  000     " 

= 

3  300     " 

= 

1150     " 

=^ 

766  900    " 

Total. 


20-50  feet 86 

50-100  "   66 

100-150  "   93 

150-200  "   69 

over  200  feet 49 

380 


=  12  900 
=  4  600 
=  3  900 
=  2  100 
=   950 

=  29  550 
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The  author's  own  office  records  contain  the  following  iron  bridges  over 
200-foot  spans,  and  they  are  very  incomplete  for  spans  less  than  300  feet: 

Spans  over  500  feet 2.5  miles. 

"     400-500     "   3.9     " 

"    300-400     "   5.0     " 

"    200-300     "   15.0     " 

Total 26.4     " 

From  the  previous  figures  it  would  ajjpear  that  there  are  now  in  ex- 
istence on  our  railroads  the  following  wooden  and  combination  trestles 
and  bridges: 

Trestles  and  spans  under  20  feet 2  407  miles. 

"      20-50        " 35     " 

"      50-100       "   64     " 

"     100-150       "   97     " 

"     150-200       "   40     " 

"     over  200     "   7     " 

Total 2  650     " 

Of  the  2  400  miles  of  wooden  trestle,  we  can  consider  one-quarter 
as  only  temporary,  to  be  filled  in  as  embankment.  Of  the  remaining 
1  800  miles  at  least  800  miles  will  be  maintained  in  wood.  This  leaves 
1  000  miles  to  be  replaced  gradually  with  iron  bridges  and  trestles  of 
such  spans  as  may  be  most  suitable  for  each  location,  probably  from  50 
to  200  feet. 

This  would  ultimately  make  1  600  miles  of  bridges  for  the  160  000 
miles  of  railroad  now  in  existence,  of  which  only  380  miles  are  in  ii'on 
at  the  present  time. 

The  substitution  of  iron  for  the  existing  wooden  bridges  will,  of 
course,  be  a  gradual  one.  The  amount  of  work  involved  in  this,  with 
that  required  in  building  iron  bridges  for  new  roads,  additional  crossings 
of  our  large  rivers  to  connect  present  and  future  systems  of  railroad, 
and  the  demands  for  city  and  highway  bridges,  will  furnish  plenty  of 
emjiloyment  for  our  bridge  building  firms. 

The  author  has  no  reliable  basis  for  estimating  the  amount  of  highway 
bridges  demanded  by  the  present  or  the  future.  A  comparison  of  the 
relative  crossings  of  streams  by  railroads  and  highways  in  the  more 
developed  parts  of  our  country,  leads  him,  however,  to  the  belief,  that 
the  lineal  feet  of  highway  bridges  will  be  four  to  five  times  that 
required  for  railroads  only. 
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10.  Failuke  of  Bridges. 

In  consideration  of  the  facts  already  presented,  it  need  not  be  a 
matter  of  surprise,  that  bridges  have  failed  under  train  service  in 
America. 

The  data  in  regard  to  the  number  of  such  failures  have  been  magni- 
fied and  distorted. 

That  such  distorted  evidence  should  have  been  submitted  to  a 
foreign  society,  without  any  opijortunity  for  those  acquainted  with  the 
truth  to  counteract  the  false  impressions  and  conclusions,  is  to  be  re- 
gretted. 

In  the  paper  referred  to,  251  bridges  are  given  as  the  number  of 
failures  in  the  last  ten  years,  classified  as  follows,  by  the  author  of  the 
paper:  57  knocked  down  by  derailed  trains;  30  "square  falls";  96  un- 
certain; 5  occurred  during  replacement  or  repairs,  and  63  unclassified. 

That  the  great  majority  of  these  bridges  were  old  and  defective 
wooden  bridges  is  not  mentioned. 

,      In  addition    to   this  generalization,  there  are  given   a  number  of 
photographs  with  incomplete  statements  of  the  failures  they  rej^resent. 

Of  the  nine  railroad  bridges,  in  regard  to  which  their  identity  or  any 
reliable  statements  are  given,  we  are  able  to  summarize  as  follows,  with 
the  aid  of  other  facts  in  our  possession : 

Three  knocked  down  through  derailment  of  the  train,  one  from  a 
broken  axle,  one  by  a  cow  on  the  track,  and  one  from  neglect  to  spike 
the  newly  laid  rails. 

One  split  open  by  two  trains  colliding  within  the  trusses;  this  was  an 
old-fashioned  structure  with  cast  iron  top  chords. 

One  knocked  down  by  a  steam  derrick  too  large  to  jiass  through  the 
bridge. 

One  wood  and  iron  combination  bridge,  seven  years  old,  which  failed 
in  its  wooden  members  under  a  load  far  in  excess  of  its  designed  load. 

One,  the  Bussey  Bridge,  an  abortion  in  design  and  construction,  and 
a  bridge  in  which  no  engineer  had  any  part. 

One  which  is  stated  to  have  been  culj)ably  overloaded,  and  to  have 
withstood  this  excessive  overloading  for  a  long  period  without  showing 
any  apparent  signs  of  distress. 

One  showing  a  lattice  bridge  distorted  by  a  train  collision  and  which 
still  carried  the  train. 

The  above  is  a  summary  of  the  evidence   presented  to  show  that 
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American  pin-connected  bridges  are  not  so  safe  and  reliable  as  tliose 
of  a  lattice  form.  It  is  fair  to  presume  that  this  is  the  strongest  evidence 
that  the  facts  would  admit. 

The  same  authority,  qiioted  by  the  author  of  the  paper  referred  to-, 
gives  more  recently  a  fuller  account  of  the  bridge  failures  for  the  ten 
years  ending  January  1st,  1889;  total  number,  265,  of  which  only  38  are 
known  to  be  of  iron. 

In  his  total  he  includes  27  wooden  bridges  burned,  39  carried  away 
by  floods,  8  failing  during  repairs,  60  knocked  down,  34  square  falls^ 
97  unknown. 

Of  the  34  square  falls,  10  only  are  of  iron. 

The  one  iron  bridge  recorded  during  1888  as  a  square  fall  was  a 
through  plate  gii'der,  failing  from  the  breaking  of  a  plate  carrying  the 
cross  floor  beams.  More  detailed  information  of  the  other  nine  is  not 
given,  so  we  are  unable  to  determine  the  kinds  of  iron  bridges  and  the 
causes  of  the  failures. 

It  may  be  necessary  to  state  that  these  reports  of  accidents  are  not 
based  entirely  on  ofiicial  reports;  but  are  collated  from  the  newspapers, 
and  are  undoubtedly  full  of  sensation  and  inaccuracies. 

Does  any  one  advocate  the  designing  and  building  of  bridges  to 
withstand  the  impact  of  a  railroad  train,  or  the  bursting  efi'ect  of  piling 
two  trains  on  one  another  inside  of  the  trusses?  Are  such  accidents  to 
be  classed  as  bridge  failures  or  as  failures  of  management? 

That  bridges  of  the  lattice  type  have  given  good  results  in  many  cases 
of  derailment,  etc.,  proves  nothing.  Scores  of  similar  cases,  showing 
that  pin-connected  bridges  do  stand  much  abuse,  and  are  as  capable  of 
resisting  occasionally  these  extraordinary  strains  as  any  other  kind  of 
bridge,  could  be  given  by  every  practical  bridge  engineer  in  America. 

They  prove  nothing  in  regard  to  the  merit  of  any  particular  form  of 
truss.  They  simply  point  to  the  need  of  better  means  to  prevent  and 
remedy  cases  of  derailment. 

It  is  a  very  gratuitoiis  claim  to  assume  that  the  bridge  accidents  on 
railroads  in  America  are  in  any  manner  due  to  the  accepted  forms  of 
our  bridges,  or  that  other  forms  of  bridges  would  have  given  different 
results  under  the  same  circumstances. 

The  number  of  bridge  accidents  on  American  railroads,  due  to  causes 
or  forces  which  a  bridge  should  be  designed  to  meet  or  resist,  is  an  ex- 
ceedingly small  one,  when  compared,  as  it  should  be,  with  the  total 
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number  of  bridges  on  our  railroads,  and  -when  tlie  circumstances 
under  wliich  many  of  tliem  have  been  built  be  given  proper  consid- 
eration. 

The  total  number  of  spans  of  railroad  bridges  in  the  United  States 
over  50  feet  span,  is  21  550,  of  which  number  11  550  are  of  iron. 

Due  weight  must  be  given  to  the  rapid  develoiiment  of  our  railroad 
system,  and  the  want  of  appreciation  in  the  past  of  the  demanels  for 
heavier  rolling  stock  and  correspondingly  heavier  bridge  structures. 

The  American  idea  of  building  cheap  railroads  far  in  advance  of 
the  immediate  demands  of  the  regions  through  which  they  run,  to  settle 
those  districts  and  build  up  a  future  paying  traffic,  has  compelled  the 
use  of  cheap  and  light  bridge  structures. 

Even  on  the  roads  in  the  older  portions  of  our  country,  the  earlier 
bridges  were  built  for  loads  far  below  present  necessities. 

Economy  has  also,  in  many  cases,  favored  the  lowest  bidder,  re- 
gardless of  the  incai^acity  or  unscrupulousness  of  the  bidder.  There 
have  been  and  still  are  many  bridges  of  an  inadequate  strength  in  use 
on  American  railroads. 

They  are  disappearing  very  rapidly,  especially  upon  our  better 
managed  and  first-class  railroads. 

Under  these  circumstances,  it  is  a  great  credit  to  our  style  of  bridge 
construction,  that  so  few,  comparatively,  of  our  bridges  have  failed. 

The  writer  does  not  know  of  a  single  case  of  the  failure  of  a  modern 
all-wrought-iron  American  railroad  bridge,  which  has  failed  under  legiti- 
mate train  service.  He  has  had  knowledge  of  many  bridges  which  have 
for  years  done  far  beyond  their  intended  duty  with  satisfaction. 

That  the  In-idges  built  in  the  past  have  been  lighter  than  the  de- 
mands of  the  future  must  not  be  entirely  credited  to  the  engineer.  As 
a  rule  he  has  done  fully  as  well  as  the  means  given  him  would  admit. 

The  American  engineer  has  reajted  one  great  advantage  from  the 
defective  and  inadequate  structures  of  the  past,  not  only  from  those  that 
have  actually  failed,  but  also  those  which  have  been  worked  beyond 
their  designed  capacity — a  knowledge  of  the  relative  merits  of  the 
various  forms  and  proj)ortions  of  the  members  and  their  details. 

These  structures  may  be  said  to  be  full  sized  tests,  from  which  much 
that  is  valuable  has  been  learned. 

We  can  feel  that  our  knowledge  of  bridges  has  passed  far  beyond  the 
study  of  strains  and  tests  of  specimens.     We  have  not  remained  content 


50  COOPEK   ON  AMERICAN  RAILROAD   BRIDGES. 

with  this  limited  field  of  knowledge,  covering  our  ignorance  under  a  so- 
called  "  factor  of  safety."  We  have  determined  the  capacity  and  relia- 
bility of  the  full  sized  parts  of  our  structures.  We  have  also  been 
enabled  to  study  the  working  under  excessive  loadings,  even  up  to  rup- 
ture, of  structures  and  their  details  which  had  outlived  their  intended 
purpose  or  which  were  inadequately  designed  from  the  beginning. 

American  bridge  engineers  and  manufacturers  have  therefore  legiti- 
mate grounds  upon  which  to  base  their  claims  as  to  the  great  merits  of 
our  system  of  construction  and  j^roportioning. 

The  authbr  desires  to  emphasize  the  statement  that  failures  of  bridges 
in  the  United  States  have  no  more  bearing  upon  the  relative  merit  of 
different  systems  of  their  construction,  than  the  failures  in  other  kinds 
of  machines.  The  old-timed  boiler  explosions  on  our  Western  rivers  did 
not  convince  any  sensible  engineer  that  cylindrical  boilers  were  not  suit- 
able for  high  pressures.  That  machines  inadequately  projiortioned  for 
the  demands  which  will  be  put  upon  them  break  down  ultimately,  esjje- 
cially  when  they  fail  to  receive  intelligent  care  and  attention,  is  to  be  ex- 
pected. 

The  intelligent  investigator  does  not  decide  upon  the  merits  of  any 
developed  system  by  the  failures  which  are  necessary  steps  in  its  develop- 
ment. Without  variations  and  failures  there  would  be  no  evolution  or 
the  survival  of  the  fittest. 

These  variations  and  failures  are  interesting  and  instructive,  but 
should  not  blind  us  to  the  merits  of  the  final  result. 

The  following  remarks  by  Professor  Unwin  are  worth  careful  con- 
sideration in  this  connection  : 

"If  an  engineer  builds  a  structure  which  breaks,  that  is  a  mischief, 
but  one  of  a  limited  and  isolated  kind,  and  the  accident  itself  forces  him 
to  avoid  a  repetition  of  the  l^lunder.  But  an  engineer  who  from  de- 
ficiency of  scientific  knowledge  builds  structures  which  don't  break  down, 
but  which  stand,  and  in  which  the  material  is  clumsily  wasted,  com- 
mits blunders  of  a  most  insidious  kind." 

The  author  desires  to  draw  attention  to  a  series  of  articles  on  Ameri- 
can and  English  bridges,  by  Mr.  T.  Claxton  Fidlcr,  in  "  Engineering," 
November  9th  to  December  28th,  1888.  They  are  a  valuable  contribution, 
and  are  exceedingly  fair  in  their  treatment  of  the  subject,  considering 
that  their  author  on  some  points  has  not  the  real  facts  of  our  best  jirac- 
tice  before  him,  and  that  he  has  mistakenly  accepted  a  particular  bridge 
company's  specification  as  reiireseuting  the  general  practice  in  our 
country. 
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He  summarizes  the  following  results  as  derived  from  the  American 
system  of  competitive  bridge  construction  : 

"First. — It  has  developed  much  ingenviity  of  design,  which  has  been 
directed,  however,  to  the  imi^rovement  of  trusses  in  detail  rather  than 
to  such  broader  features  of  design  as  are  to  be  seen  in  the  relative  out- 
lines of  the  Britannia  Bridge,  the  Saltash  Bridge  and  the  Forth  Bridge. 

"Second. — It  has  attained  to  a  great  economy  in  details  and  the  advan- 
tage obtained  by  the  use  of  pin-connections,  together  with  the  attendant 
facility  of  erection  has  sometimes  enabled  the  American  maker  to  obtain 
the  lead  in  the  market. 

"  Third. — The  system  has  necessitated  and  has  produced  an  earnest 
inquiry  into  the  theoretical  principles  of  bridge  construction,  whose 
results  have  been  embodied  in  certain  specifications  comprising  a  series 
of  rules  and  regulations  which  are  intended  to  insure  the  safety  of  the 
bridge. 

"Fourth. — The  defects  and  possible  abuses  of  the  competitive  system 
are,  however,  acknowledged;  and  have  been  attended  with  numerous 
bridge  failures. 

•  "Fifth. — In  quite  recent  times  there  has  been  a  strenuous  endeavor 
to  repair  the  defective  features  of  the  system,  and  to  obtain  more  ample 
guarantees  for  the  safety  of  the  bridge  in  the  shape  of  more  stringent 
rules;  but  so  long  as  the  rules  are  drawn  with  reference  only  to  the  real 
stresses,  they  must  always  be  insufficient  for  the  purjDose  in  view,  unless 
they  are  supplemented  by  the  independent  judgment  of  the  engineer 
proceeding  from  merely  arbitrary  methods. 

"Sixth. — In  order  that  the  rules  may  be  effective  for  the  purpose  in 
view,  they  must  be  based  upon  a  complete  theory  of  safe  construction, 
and  not  merely  upon  a  theory  of  stresses;  and  must  provide  for  all  those 
requirements  of  stability  and  solidity  which  are  instinctively  recognized 
by  the  practical  engineer,  and  which  cannot  be  complied  with  by  merely 
using  a  large  factor  of  safety. 

"Seventh. — If  these  requirements  are  to  be  formulated  in  mathemati- 
cal shape,  it  would  be  necessary  to  enter  upon  that  wider  inquiry  which 
has  been  referred  to  in  these  articles,  and  to  s]Decify  a  certain  series 
of  emiDirical  and  unreal  distorting  forces,  which  are  to  be  assumed  as 
acting  at  different  points  in  the  structure,  and  to  be  resisted  by  members 
possessing  the  strength  which  may  be  requisite  for  that  jiurpose  in  ad- 
dition to  the  strength  which  mav  be  demanded  bv  the  real  stresses.    Such 
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a  theory  of  unreal  stresses  may  perhaps  be  dispensed  with  in  English 
practice  as  it  has  been  hitherto;  but  there  is  no  reason  why  it  should 
not  be  framed  upon  common  sense  principles,  and  adapted  to  the  re- 
quirements of  the  American  competitive  system,  for  whose  2)urposes  it 
seems  to  be  urgently  required." 

It  is  true  that  our  system  of  bridge  building  has  not  advanced  in  the 
direction  of  such  designs  as  the  Britannia  and  Saltash  Bridges  during 
the  past.  Whether  it  will  be  towards  designs  like  the  Forth  Bridge  in 
the  future  is  very  doubtful.  The  author  believes  that  problems  of  this 
magnitude  will  be  solved  by  the  American  bridge  builder,  when  the  op- 
portunity occurs  upon  the  broad  principles  of  our  past  experience. 

We  are  always  ready  to  admire  "big  things,"  as  we  have  each  of  these 
structures  in  its  day,  and  to  reap  benefit  from  the  valuable  contributions 
which  have  been  given  us  by  their  able  engineers  in  the  line  of  new  in- 
vestigations and  experience. 

We  are  ready  to  acknowledge  the  evils  of  the  old  competitive  system, 
where  "  the  independent  judgment  of  the  engineer,"  or  "those  require- 
ments of  stability  and  solidity  which  are  instinctively  recognized  by  the 
practical  engineer,"  do  not  enter  sufficiently  to  obtain  a  safe  system  of 
construction. 

The  most  perfect  system  of  rules  to  insure  success  must  be  inter- 
preted upon  the  broad  grounds  of  professional  intelligence  and  common 
sense. 

While  our  competitive  system,  guided  by  a  general  specification,  is 
more  apt  to  produce  good  bridges  than  dependence  upon  designs  pre- 
pared by  any  one  with  narrow  and  limited  practical  knowledge,  its  best 
results  follow  when  supplemented  by  the  indejiendent  judgment  of  the 
practical  bridge  engineer. 


APPENDIX 


ABSTRACT    OF    EECENT    TESTS    OX    FCLL    SIZE 
BRIDGE    MEMBERS. 
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TABLE  No.  6. 
Tests  of  Ete-Bars. 


May  lutli,  18S7 

Mav  16tb,  1887 

May  17th,  1887 

June  l5t,1887 

July  16th,  1887 

August  ad,  1887 

November  ISth,  1887. 
November  21st,  1887.. 
December  l«h,  1887  . 

March  1st,  1888 

Juuc29lh,  1888 

July  2«h,  1888 

October  25th.  1888.... 
December  71h,  1888... 
December  10th,  1888.. 
December  13th,  1888.. 
December  latb,  1888.. 
DecemberSOth,  1888.. 

January  30th,  1889 

February  2l8t,  1889... 
February  20th,  1889... 
February  2Gth,  1889  . . 
February  26th,  1889. .  1 
January  101b,  1888... 
January  lOtb,  1888... 
January  10th,  1888... 

.\pril20th.  1888 

April  2CtU,  1888 

April  26th,  1888 

March  6th,  1888 

March  29th.  1888 * 

April  3d,  1888 

April  3d,  1888 

April  7tb,  1888 

.\pril  7th,  1888 

March  12th,  1888 

March  12th,  1888 

March  13th,  1888 

March  131b,  1888 

March  Hlh,  1888 

March  13th,  188.'< 

March  13th,  1888 

July  10th,  1888 

July  loth,  1888 

July  lotb,  1888 

July  loth,  1888 

July  101b.  1888 

July  10th,  1888 1 

August  301h,  1888 

August 30tb,  1888...   . 

August  31st,  1889 

August  3l8t,  1838 

August  31st.  1888 ; 

August  31st,  1888 I 

August  31st.  1888 i 

August  3lBt,  1888 I 

August  3l8t,  1888 

August  31st,  1888 

September  Ist,  1888... 
September  16th,  1888. 
September  15th,  1888.1 
September  17th,  1888.1 
September  17th,  1888. 
September  17tb,  1888.  i 
September  17th,  1888. 
September  18lb.  1888. 
September  18th,  18HH. 
September  18tb,  1888. 
September  18th,  1888.' 
September  22d,  18H8. .  1 
September  22d.  1888.. 
September  2«h,  1888. 
October  25tb,  1888 


Union  Bridge  Company. 


Kind  of  Steel. 


Edgemoor  Iron  Company 


8ilJ 
8i2J 
CxlM 
8xl| 


6  I  1,3, 

8x2 

Cxl| 


6  3t  lA 
8x1} 
7x1? 

6xi; 
6xlJ 

6  "■  llB 

6xlJ 
6x  Ij' 
*  X  lA 
3  Hi 


6x1 

5  X  lj7 

6x  1ft 

5x1  A 

6x18 

6x1? 

5x1 

5x1 

Ixlg 

4xli 

H^3 


'iii3 

7x2 

7x2^j 


Excess  of 

Material  in 

Eyes. 


•13.3 
47.6 
62.3 
41.9 
62.2 
43.7 
74.6 


51.1 
66.6 
43.8 
41.9 
46.6 
49.6 
41.2 
42.2 
41,2 
28.7 
3C.4 
62.2 
39.3 
28.9 
31.6 
32.9 
43.7 
41.5 
36.6 
41.7 
40.0 
40.0 
35.4 
54.6 
54.8 


41.3 
44.2 

42.4 
41.8 


44.4 

48.6 
46.7 
46.4 
43.1 
31.5 
34.0 
27.7 
34.6 
27.3 


33.8 
47.2 
47.6 
47.4 
44.0 


Elastj 

Pounds  per 

Square  Inch 

on  Original 

Sectic 


31  160 
3G460 

37  100 
40  560 

38  849 
38  560 
40  063 
38  048 
37  170 
31803 

32  440 


34  170 
.30  880 
31000 

31  500 
31280 
44  330 

41  470 
41240 
41000 

42  620 

43  860 
41370 

42  890 

44  810 

43  750 
41810 
39  180 

32  670 

34  050 

32  960 

37  650 

33  180 

35  190 

36  840 
31  840 

31  000 

32  000 

33  000 
32  100 
32  470 
39  000 
39  430 
39  430 
39  710 

38  860 

38  080 

39  540 

37  300 
36  800 

38  710 

38  90O 

40  680 

36  630 
41620 
41370 
42  270 

39  360 

40  230 
40  000 

37  070 
41440 

36  000 

37  400 
32  890 


Pounds  per 
Square  Inch  — - 

1  Original 

Section. 


65  800 

63  700 

64  680 
02  790 
01  340 
60  770 

66  930 
62  678 

62  144 

63  597 
63  410 


58  100 

59  600 
55  370 
59  480 

66  000 
59  250 

55  050 

67  350 

56  60U 
55  340 

68  230 

64  5U0 

68  230 

62  800 
05  400 

63  000 

65  630 

66  090 

67  210 

64  390 

65  370 

65  490 

63  310 
00  600 

64  460 

68  670 

66  360 

61  QUO 

65  320 

69  400 
58  800 

58  200 

59  300 

69  60O 
61500 
63  000 

63  090 
CI  120 

64  370 

60  860 
60  500 
61800 
69  160 
60  400 
60  000 

62  300 
68  940 

63  820 

67  630 

66  840 
66  240 
66  050 
C4  610 
03  760 

59  510 

65  610 

64  300 
62  680 

60  760 

65  400 


37.5 
30.8 
35.4 


45.6 
38.5 
47.5 
48.1 
43.7 
42.6 
45.0 
42.0 
44.0 
39,5 
34.5 
28.5 
33.0 
32.0 


37,6 
30.4 
37.2 
40.3 


16.8 
14.2 
13.6 
17.3 
15.8 
17.1 
17.7 
10.0 
15.2 
12.4 
15.9 
13. 6 
16.7 
16.1 
18.8 
18.6 
16.6 
21.2 
14.0 
14.1 
18.1 
17.7 
13.3 


12.3 
15.1 
12.0 


14.9 
16.1 
15.1 
14.6 
15.4 
15.5 
16.3 
14.5 
12.8 
13.6 


13.5 
14.7 
14.8 
14.5 


10.4 
13.8 
14.0 
13.4 


Percentage 
of  Reduc- 
tion of 
Area  at 
Fracture. 


Size  of     .Elongatio 
Pin  Holes.        ^J^fj^" 


63.5 
44.6 
40.5 
47.3 
47. 
43.6 
55.9 
41.7 
48.4 
47.7 
48.8 
45.2 
48.2 
42.8 
56.6 
48.4 
60.6 
49.1 


54.4 
45.2 
41.3 


48.8 
48.3 
47.4 
47.2 
46.6 
44.3 
50. 
61.8 
60.5 
53.2 
50.0 
50.6 
53.3 
50.0 
60.6 
52.6 
65.3 
59.1 
43.4 


51.9 
42.6 
47.2 
57.5 
48.8 
50.0 


44.2 
50.9 
48.7 
47.5 


7 

1.35 

7 

0.62 

6 

0.99 

6} 

0.60 

4 

0.49 

5J 

1.38 

5S 

0.90 

*!« 

0.80 

0.07 

7 

1.26 

StV 

1.02 

eJs 

1.04 

1.17 

aiS 

1.15 

1.08 

1.24 

0.64 

0.48 

4  A 

0.44 

4s 

0.46 

0.54 

3S 

0.36 

0.81 

6t 

O.S.'i 

1.25 

if„ 

0.77 

0.98 

0.84 

0.93 

1.07 
1.06 
0.64 


1.30 
1.30 
1.29 


Character  of  Fracturi 


Silky  cup. 

KK)  per  cent.Bilky. 

Silky  cup. 

50  per  cent,  silky  .ind  50  per  rent,  grauular. 

Silky. 

Ragged,  partly  cupped,  fine  eryatal  on  edge. 

90  per  cent,  silky,  10  per  t^ent.  iirystallJne. 

Ragged,  siUiy,  frw  crystals. 

55  per  cent  ailby,  45  per  cent,  crystalline. 

Silky  cup. 

85  per  cent,  silky,  15  per  cent,  ftae  granular. 

Silky  cup. 

Silky. 

Silky  Clip. 

90  per  cent,  silky.  5  ppr  cent,  gramilar. 

Silky  cup. 

Silky  cup. 

80  per  cent,  silky,  20  per  cent,  granular  on  edges. 

Silky  cup. 

Silky. 

Silkv. 

Silky. 

Silky  cup. 

Silky  cup. 

Silky  cup. 

Silky  cup. 

Silky  cup. 

Silky  cup,  slightly  granular. 

Silky  cup,  slightly  granular. 

Silky  cup,  slightly  granular. 

Silky  cup. 

Silky  cup. 

Silky,  ragged. 

Silky,  cupped. 

Silky. 

Silky,  with  granular  edges. 

Silky,  with  granular  edges. 

Silky,  cupped 


45  per  c 


.  silky 


Silky.  \ 

45  per  cent,  ailkv. 

Silky. 

Silky  cup. 

45  per  cent,  silkv. 

Silkv. 

Silky. 

Silky  cup. 

45  per  cent,  silky. 

Silky,  cupped. 

45  per  cent,  silky. 

45  percent,  silky. 

Silky,  cupped. 

Silky,  35  per  cent,  grauular. 

Silky,  45  per  cent,  granular. 

Silky. 

Silky,  cupped. 

Silky,  cupped. 

~iiky,  15  per  cent,  granular. 

Silky,  granular  edges. 

Granular,  not  properly  annealed. 

Silky,  cupped. 

Silky,  cupped. 

5  per  cent  silky. 
45  per  cent,  silky. 
Silky,  cupped. 
45  per  cent,  silky. 
45  per  cent,  silky. 
Qrauular. 
4i  per  cent,  silky. 
Silky,  with  granular  edges. 
Silky,  cupped. 
Silky,  i-upped. 
!  45  per  cent,  silky. 
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SHIP  OAISTALS  11^  1889. 


B>-  R.  E.  Peary,  M.  Am.  Soc.  C.  E. 


When  the  idea  of  presenting  something  upon  the  subject  of  shiji 
canals  first  occurred  to  me,  it  was  my  intention  to  give  a  brief  description 
of  every  work  of  that  kind,  completed,  in  progress,  and  projected,  giving 
its  history,  principal  features,  cost  actual  or  estimated,  traffic  actual  or 
expected,  cost  of  maintenance,  and  development,  without,  however, 
entering  into  any  discussion  of  details,  of  merits  of  different  routes,  or 
of  the  question  of  canals  versxs  railroads — something  that  would  be  of 
general  interest  and  of  a  sufficiently  non-technical  character  to  be  easily 
assimilated  even  in  hot  weather.  But  limited  time  and  the  unexpected 
extent  of  the  task  I  had  set  before  myself,  has  hampered  me  until  I  feel 
that  the  result  is  hardly  more  than  a  ship  canal  directoi*y.  Still  I  have 
felt  that  even  that  might  not  be  entirely  without  interest  to  many,  and  I 
trust  that  omissions  and  incompleteness  will  be  regarded  leniently. 

Naturally  the  paper  is  simply  a  compilation  and  condensation. 

For  the  material  for  condensation  I  have  been  indebted  to  "  Har- 
court's  Elvers  and  Canals,"  to  the  Annual  Eeports  of  the  Chief  of  Engi- 
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neers,  to  various  scientific  and  teclinical  publications,  the  columns  of  the 
press,  and,  more  perhaps  than  to  any  other  one  source,  esiJecially  for  the 
continuous  record  of  the  progress  of  the  various  projects,  to  the  columns 

of  Engineering  Nevns. 

Completed  Canals. — Abroad. 

Languedoc  Canal. — This  canal,  known  also  as  the  "Canal  du  Midi," 
is  often  spoken  of  as  a  shiji  canal,  though  its  dimensions  do  not  in  any 
degree  justify  such  a  classification.    . 

Its  claim  to  the  name  seems  to  be  in  the  fact  that  it  was  built  for 
the  use  of  the  "ships  "  of  that  time  (17th  century)  engaged  in  the  coast- 
ing trade  between  the  Atlantic  and  Mediterranean  coasts  of  France,  and 
that  for  its  time  it  was  undoubtedly  as  great  an  undertaking  as  the  Suez 
Canal  in  recent  years. 

It  forms  a  communication  between  Bordeaux,  on  the  Bay  of  Biscay, 
and  Cette,  on  the  Mediterranean.  Its  length  is  140  miles,  summit  level 
610  feet  above  the  Mediterranean,  depth  6  feet  7  inches,  and  it  has  11^ 
locks. 

The  canal  was  completed  in  1681  at  a  cost  of  $7  200  000. 

CaIedoaia7i  Ca7ial. — This  canal  is  located  through  a  remarkable  valley 
called  the  Great  Glen,  stretching  across  the  Highlands  of  Scotland,  be- 
tween Inverness  Firth  and  Loch  Eil,  a  distance  of  about  60  miles;  38 
miles  of  this  distance,  however,  are  occupied  by  a  chain  of  lakes. 

In  1773  James  Watt  reported  favorably  upon  the  project,  but  nothing 
was  done. 

In  the  beginning  of  this  century,  Telford,  at  the  request  of  the 
Government,  reported  upon  the  project,  and  was  intrusted  with  the 
execution  of  the  work,  which  was  commenced  in  180J:  and  completed 
in  1823. 

The  Government  was  led  to  build  this  canal  by  the  expectation 
that  it  would  save  vessels  a  long  and  dangerous  circuit  by  the  Peutland 
Firth,  where  previous  to  the  introduction  of  steam  they  were  liable  to 
be  detained  for  weeks  by  contrary  winds;  and,  also,  that  in  time  of  war 
the  canal  would  aff'ord  a  convenient  refuge  for  merchant  vessels  from 
privateers,  and  a  means  by  which  war  vessels  might  pass  rapidly  from 
one  sea  to  the  other. 

The  canal  was  designed  for  vessels  of  20  feet  draught,  and  it  has  28 
locks  170  x  40  feet,  of  8  feet  lift.     The  width  on  the  bottom  is  50  feet,  on 
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the  surface  120  feet,  and  depth  20  feet.  The  summit  level  is  100  feet 
above  the  sea,  and  the  cost  of  the  work  was  about  S5  000  000.  It 
was  a  bold  and  skillful  undertaking,  but  it  has  not  been  a  financial 
success.  Wars  hindered  its  progress,  and  so  enhanced  the  price  of  ma- 
terials and  labor  that  its  cost  was  nearly  double  the  estimate,  and  finally, 
to  save  expense,  the  summit  cut  was  not  carried  to  full  depth,  and  will 
jjermit  the  passage  of  vessels  of  only  17  feet  draught  and  250  to  300 
tons  capacity. 

Had  the  full  depth  of  20  feet  been  obtained,  the  canal  would  have 
admitted  vessels  of  1  000  tons,  and  doubtless  to  this  fact,  more  than  any- 
thing else,  may  be  attributed  its  failure  in  a  financial  sense. 

North  Holland  Canal. — Formerly  the  only  means  of  access  to  the  port 
of  Amsterdam  was  by  the  Texel  Eoads  and  the  Zuider  Zee.  The  Zuider 
Zee  abounds  in  shoals  and  its  navigation  is  difficult,  so  early  in  the 
present  century  the  Dutch  Government  decided  to  make  a  new  route 
for  vessels  trading  with  Amsterdam. 

The  shortest  line  from  Amsterdam  to  the  North  Sea,  in  a  westerly 
direction,  was  then  considered  out  of  the  question,  on  account  of  the 
difficulty  of  maintaining  an  entrance  on  the  exposed  flat  coast  of  the 
North  Sea,  and  a  northerly  route  through  North  Holland  was  adopted, 
starting  from  Lake  Y,  nearly  opposite  Amsterdam,  and  opening  into  the 
haven  of  Niewediei^,  on  the  Texel  Roads. 

The  canal  built  on  this  route  was  known  as  the  North  Holland, 
and  was  commenced  in  1819  and  finished  in  1825,  at  a  cost  of  ^5  000  000. 
It  is  52  miles  long,  123 i  feet  wide  at  the  surface,  31  feet  wide  at  the 
bottom  and  18^  feet  deep.  It  has  a  double  tide  lock  at  each  extremity, 
with  chambers  237  s  51  feet  and  82  x  18i  feet,  and  three  regulating  locks. 

This  canal  was  of  great  value  to  Amsterdam  and  was  of  unusual 
magnitude  for  the  time  when  it  was  constructed. 

It  is  now  superseded  by  the  Amsterdam  Ship  Canal  and  has  lost  its 
importance  since  the  completion  of  the  latter. 

Crinan  Canal. — This  canal,  across  the  peninsula  of  Kintyre,  9  miles 
long  and  12  feet  deep,  enables  vessels  of  160  tons  to  save  a  circuit  of 
about  70  miles  around  the  Mull  of  Kintyre. 

Gloucester-Berkeley  Carial. — The  City  of  Gloucester  has  direct  ac- 
cess to  the  sea  by  the  River  Severn  and  the  Bristol  Channel;  but  for 
some  miles  below  Gloucester  the  course  of  the  river  is  circuitous,  and 
the  rajjid  flow  of  the  tides  renders  navigation  diflicult  and  dangerous. 
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An  act  was  obtained  in  1793  for  connecting  Gloucester  by  a  direct 
ship  canal  with  the  estuary  below,  and  after  much  delay  this  canal  was 
completed  by  Telford  "in  1827.  It  is  16  J  miles  long,  13  to  20  feet  wide  at 
the  bottom,  80  to  100  feet  wide  on  the  surface,  and  18  feet  deep. 

At  the  lower  end,  where  it  enters  the  Severn,  there  is  a  tide-lock  to 
maintain  a  constant  level. 

WitJiam  Canal. — This  canal,  which  gives  Boston  a  direct  communica- 
tion with  the  sea,  available  for  vessels  of  2  000  tons  as  compared  with 
vessels  of  300  tons  previously,  is  one  of  the  most  important  of  recently 
completed  English  works  of  its  class. 

The  canal  is  3  miles  long,  27  feet  deep,  130  feet  wide  on  the  bottom, 
and  cost,  with  some  accessory  works,  SI  000  000, 

St  Louis  Canal. — This  canal  was  constructed  to  avoid  the  bar  of  the 
Kiver  Khone. 

It  extends  from  the  Ehone  above  the  bar  to  the  Mediterranean  in  the 
Bay  of  For,  east  of  the  Khone  outlet. 

It  is  2  miles  long,  206  feet  wide  at  low  water  level,  and  19^  feet  deei). 

Gota  Canal. — This  canal  gives  direct  water  communication  across 
Sweden  from  the  North  Sea  to  Stockholm,  a  distance  of  some  300  miles. 

The  canal  proper,  however,  is  but  a  series  of  short  links  connecting 
a  chain  of  lakes  which  occupy  four-fifths  of  the  distance. 

The  canal  is  46  feet  wide  on  the  bottom,  86  feet  on  the  surface,  and 
10  feet  deep,  and  is  very  solidly  constructed.  The  summit  level  is  300 
feet  above  the  sea  and  there  are  76  locks. 

About  10  000  craft  pass  through  the  canal  annually. 

Suez  Canal. — The  main  features  of  this  canal,  the  most  successful 
and  important  of  all  ship  canals  thus  far  completed,  as  well  as  the 
princij^al  incidents  of  its  inception  and  construction,  are  very  generally 
known,  yet  a  brief  resume  seems  necessary  to  make  the  record  complete 
to  date. 

The  value  of  a  channel  of  communication  between  the  Mediterranean 
and  Red  Seas,  through  the  Isthmus  of  Suez,  is  evident  from  a  glance  at 
a  map,  saving,  as  it  does,  a  long,  circuitous  route  around  the  Cape  of 
Good  Hope  for  maritime  traflfic  between  Europe  and  the  southern  coasts 
of  Asia. 

The  construction  of  such  a  canal  is  not  a  modern  idea,  but  originated 
in  remote  antiquity.  It  is  said  that  a  canal  across  the  Isthmus  existed 
in  the  time  of  Sesostris,  1600  B.  C,  which  later  was  abandoned.     Nero 


PEARY   ON   SHIP  CAISTALS.  63 

and  Darius  both  contemplated  constructing  a  canal  here,  and  Harcourt 
states  that  there  is  evidence  that  a  canal  for  small  vessels  was  opaned 
and  maintained  from  about  600  B.  C.  to  800  A.  D.,  but  was  subsequently 
allowed  to  fall  into  decay.  Pope  Sixtus  V  is  said  to  have  thought  of 
cutting  the  canal  in  1585.  Louis  XIV  of  France  had  a  proposition 
submitted  to  him  to  construct  a  canal,  and  Napoleon  I  gave  the  project 
very  serious  consideration,  but  was  deterred  from  carrying  it  into  execu- 
tion by  the  erroneous  results  of  his  engineers'  surveys,  these  surveys 
showing  that  the  level  of  the  Red  Sea  was  10  meters  above  that  of  the 
Mediterranean. 

In  1817  these  figures  were  shown  to  be  wrong,  and  accurate  surveys 
demonstrated  that  the  mean  level  of  the  two  seas  was  the  same,  though 
the  tides  in  the  Mediterranean  were  only  1  foot,  while  those  in  the  Eed 
Sea  were  about  6  feet. 

In  1854  M.  de  Lesseps  obtained  the  concession  for  the  canal,  but 
much  time  was  occupied  in  discussions  and  diplomatic  negotiations, 
and  the  inauguration  of  the  work  did  not  take  place  until  August 
25th,  1859. 

Work  really  began  in  earnest  iu  the  following  year,  and  August  15th, 
1869,  the  waters  of  the  two  seas  mingled  in  the  Bitter  Lakes.  November 
17th  of  the  same  year  the  canal  was  formally  opened  and  traversed  by  a 
numerous  fleet  of  vessels  of  all  nations. 

The  canal  extends  from  Port  Said,  on  the  Mediterranean,  at  sea  level 
and  without  locks,  across  the  Isthmus  by  the  most  direct  route,  which 
carries  it  through  the  depressions  of  Lakes  Menzallah,  Ballah  and 
Timsah,  and  the  Bitter  Lakes,  to  Suez  on  the  Eed  Sea,  in  a  line  nearly 
due  north  and  south.  Its  length  is  99  miles,  its  width  on  the  surface 
varies  from  196  to  328  feet,  according  to  the  strata  through  which  it  is 
excavated,  but  the  bottom  width  is  72  feet  throvighout.  The  depth  is 
26  feet.  Through  a  jjortion  of  the  Bitter  Lakes  no  excavation  was  neces- 
sary, and  the  deepest  cut,  at  El  Gaisr,  was  only  85  feet  to  the  bottom  of 
the  canal.  The  amount  of  excavation  was  about  98  000  000  cubic  yards, 
mostly  sand  and  clay  or  a  mixture  of  both,  except  at  places  south  of  the 
Bitter  Lakes,  where  some  rock  was  encountered.  The  cost  of  the  canal 
was  about  SlOO  000  000. 

A  harbor  formed  by  two  breakwaters  was  constructed  at  Port  Said,  to 
maintain  the  channel  dredged  from  the  entrance  of  the  canal  to  deep 
water  of  the  Mediterranean. 
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These  breakwaters  are  4  600  feet  apart  at  the  shore  ends,  and  2  300 
feet  apart  at  the  end  of  the  eastern  breakwater,  Avhich  is  6  300  feet  long, 
while  the  western  one  extends  3  500  feet  farther,  to  deflect  the  silt  laden 
littoral  current  from  the  entrance.  During  the  first  two  or  three  years 
the  work  on  the  canal  was  done  almost  entirely  by  forced  Egyptian 
labor,  as  many  as  30  000  men  being  employed  at  a  time.  In  later  years 
the  work  was  done  almost  exclusively  by  machinery. 

From  the  day  the  Suez  Caual  was  opened  its  business  increased 
steadily  and  rapidly  up  to  1877,  when  it  amounted  to  1  663  vessels  an- 
nually. In  the  two  following  years  the  traffic  decreased,  owing  to  a 
general  depression  in  trade,  then  it  went  up  with  a  jump,  more  than 
doubling  in  amount  from  1879  to  1882,  and  rapidly  grew  through  1883, 
when  it  amounted  to  3  307  vessels  of  a  net  tonnage  of  5  775  861  tons. 

With  this  amount  of  traffic  it  became  apparent  that  the  capacity  of 
the  canal  with  its  original  dimensions,  and  only  fourteen  gares  or  turn- 
outs, was  practically  reached,  and  it  was  evident  that  speedy  and  ample 
measures  must  be  taken  to  increase  its  capacity. 

Two  projects  were  discussed — one  to  build  a  second  canal  alongside 
the  original  one,  another  to  widen  and  deeijen  the  present  canal. 

The  latter  project  was  approved  in  the  beginning  of  1885,  and  the 
canal  is  to  be  enlarged  to  a  dejDtli  of  29.5  feet,  and  a  width,  26  feet  below 
the  surface,  of  from  213  to  246  feet  on  tangents,  and  246  to  262  feet  on 
curves  of  less  than  8  200  feet  radius.  The  total  amount  of  excavation 
requisite  to  comjilete  this  enlargement  is  estimated  at  91  000  000  cubic 
yards,  and  the  estimated  cost  is  about  $41  000  000. 

The  enlargement,  however,  is  to  be  carried  out  in  three  successive 

stages. 

i^irst— Deepening  the  canal  to  27.8  feet  and  increasing  the  bottom 
width  to  121  feet. 

Second. — Widening  to  the  final  dimensions. 
Third. — Deepening  to  the  final  dimensions. 

The  first  stage  of  this  work,  to  give  a  depth  of  27.8  feet,  is  now  in 
progress,  estimated  cost  about  $12  000  000,  and  j)endingits  completion  the 
traffic  of  the  canal  since  1883  has  increased  more  slowly,  although  the 
canal  has  been  opened  to  night  traffic,  reducing  the  time  of  transit  from 
thirty-six  to  sixteen  hours,  and  the  increase  has  been  more  iu  the  way  of 
an  increased  average  tonnage  per  vessel  than  in  the  number  of  vessels. 

This  increase  in  the  average  tonnage  of  the  vessels  is  very  instructive. 
In  1870  it  was  1  000  tons,  in  1888  it  was  2  743  tons. 
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With  the  completion  of  the  enlargement,  the  traffic  -will  undoubtedly 
take  another  vigorous  bound  upward. 

The  financial  siaccess  of  the  canal  can  be  best  judged  by  the  value  of 
its  shares. 

The  ordinary  shares  drew  dividends  in  1886  of  over  11  per  cent, 
and  preferred  shares  nearly  17  per  cent.  A  year  ago  ordinary  shares  of 
^100  sold  in  London  at  $427.50,  and  in  Paris  at  UM. 

Commercially  this  canal  is  of  more  importance  to  England  than  to 
any  other  nation,  as  it  shortens  the  voyage  to  her  Indian  possessions 
about  7  000  miles  as  compared  with  the  voyage  around  the  Cape  of 
Good  Hope,  and  about  75  per  cent,  of  the  traffic  of  the  canal  is 
English. 

Strategically  also  it  is  of  vital  importance  to  England,  and  as 
events  have  already  shown,  in  case  of  complications  she  will  i^ossess 
and  hold  it  at  all  hazards. 

Amsterdam  Caned. — This  canal,  which  the  circuitous  route  through  the 
North  Holland  Canal,  and  the  increasing  size  and  draught  of  the  vessels 
trading  to  Amsterdam,  forced  that  city  to  construct,  in  order  to  hold 
its  own  against  the  more  favorably  situated  ports  of  Rotterdam  and 
Antwerp,  extends  due  west  from  Amsterdam  across  the  laeninsula  of 
Holland  to  the  North  Sea,  a  distance  of  15  ^  miles.  Its  bottom  width  is 
88J  feet,  its  surface  width  187  feet,  and  its  depth  23  feet. 

The  greater  portion  of  it  was  constructed  through  a  shallow  lake,  and 
the  remainder  through  low  sand  dunes.  The  i^rincipal  difficulties  in 
its  construction  were  the  formation  and  maintenance  of  the  entrance  on 
the  North  Sea,  and  the  complete  re-arrangement  of  the  system  of  drainage 
of  the  region  traversed  by  it.  This  drainage  is  now  pumjoed  into  the 
canal. 

At  the  North  Sea  end  there  is,  as  on  the  North  Holland  Canal,  a 
double  lock,  with  chambers  390  x  60  feet  and  227  x  40  feet.  At  the 
Zuider  Zee  end  there  is  a  triple  lock,  w'ith  one  chamber  315  x  60  feet  and 
two  chambers  238  x  47  feet. 

In  the  construction  of  the  canal  and  harbor  21  000  000  cubic  yards  of 
sand  were  removed  by  dredging,  much  of  it  at  a  cost  of  only  twopence 
per  yard. 

The  canal  was  commenced  in  1865  and  completed  in  1876,  at  a  total 
cost  of  nearly  315  000  000. 

Two  railways  and  one  road  cross  the  canal  on  swing  bridges. 
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The  canal  is  doing  a  large  and  increasing  traffic,  as  many  as  seven 
hundred  vessels  having  passed  through  its  double  locks  in  one  day,  to 
the  great  benefit  of  Amsterdam. 

St.  Petershiirg  Canal. — The  plans  for  this  canal  were  matured  in 
1872-73,  but  work  was  not  commenced  until  1878.  It  was  partially 
opened  in  October,  1884,  and  finally  completed  and  formally  opened  by 
the  Czar  and  Czarina  in  the  i^resence  of  a  large  number  of  distinguished 
persons,  May  27th,  1885. 

The  length  of  the  canal  is  18  miles;  maximum  width,  350  feet ;  general 
width,  180  to  240  feet ;  depth,  22  feet.  •  The  total  excavation  amounted  to 
about  63  000  000  cubic  yards  of  clay,  sand  and  gravel,  most  of  it  used  in 
the  construction  of  the  embankments.  The  cost  of  the  canal  was  about 
i$9  000  000. 

The  canal  starts  from  the  mouth  of  the  Neva,  where  it  opens  into  a 
large  basin,  and  trends  southward  about  2  miles,  with  a  width  of  207  feet 
between  embankments.  It  then  joins  the  canal  to  Cronstadt  and  at  the 
same  point  branches  to  meet  the  Xeva  above  St.  Petersburg.  The  foun- 
dations of  the  embankments  were  a  double  row  of  timber  cribs  tilled  with 
gravel,  their  internal  faces  jjlanked  and  the  excavated  material  pumped 
into  the  space  between.  The  slopes  of  the  dykes  are  protected  with 
riprap  on  a  bed  of  ballast. 

The  personnel  and  plant  employed  upon  the  canal  consisted  of  3  500 
men,  13  dredgers,  3  locomotives  with  230  cars,  86  lighters  and  barges, 
12  tugs  and  7  stationary  engines. 

The  canal  has  both  strategical  and  commercial  importance,  oijening 
up  as  it  does  communication  for  war  shipjs  and  large  vessels  of  all  kinds 
directly  with  St.  Petersburg.  Previous  to  the  construction  of  the  canal 
the  cargoes  of  all  vessels  drawing  over  9  feet  had  to  be  lightered  20  miles 
up  the  river  to  St.  Petersburg,  and  all  goods  for  export  had  to  be  light- 
ered down  the  river  in  the  same  manner. 

The  effect  of  this  canal  was  to  increase  the  exports  of  St.  Petersburg 
from  280  000  tons  in  1883  to  950  000  tons  in  1886,  but  it  was  at  the 
exjDense  of  Cronstadt,  the  commerce  of  which  was  practically  destroyed. 

Ghent- Terneuzen  Canal. — Beginning  as  far  back  as  1251  several  canals 
have  been  constructed  to  maintain  the  communication  of  Ghent  with  the 
sea,  the  last  one  being  completed  in  1827. 

The  distance  from  Ghent  to  Terneuzen  by  this  canal  was  only  21 
miles,  as  compared  with  105  miles  by  the  River  Scheldt. 
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It,  however,  proved  inadequate  for  the  constantly  increasing  size  of 
vessels  since  its  construction,  and  it  has  recently  been  straightened  and 
enlarged  to  a  bottom  width  of  56  feet,  a  surface  width  of  173  feet,  and  a 
depth  of  from  20  to  22  feet,  with  most  beneficial  results  to  the  City  of 
Ghent. 

Completed  Canals. — At  Home. 

Welland  Canal— The  history  of  this  canal  is  similar  to  that  of  St. 
Mary's,  though  on  a  smaller  scale. 

It  was  begun  in  1824  and  finished  in  1833,  by  private  parties,  the 
depth  being  8  feet. 

In  1841  it  was  assumed  by  the  Canadian  Government,  and  its  enlarge- 
ment to  9  feet  commenced  The  depth  was  afterwards  increased  to  10 
feet  by  raising  the  embankments,  and  the  locks  enlarged  to  correspond. 

In  1867  the  canal  was  capable  of  passing  a  -lOO-ton  vessel,  and  it  had 
cost  up  to  that  time  about  $7  500  000. 

In  1871  it  was  found  that  it  would  be  necessary  to  again  increase  its 
capacity,  and  the  work  of  enlargement  was  commenced  soon  after,  and 
completed  in  1887. 

It  was  intended  at  first  that  this  enlargement  should  consist  of  an 
increase  in  the  size  of  the  locks  to  270  x  45  feet,  and  an  increase  in  the 
depth  of  the  canal  to  12  feet;  but  almost  as  soon  as  the  work  was  com- 
menced it  was  found  that  this  would  not  be  sufficient,  and  the  depth 
was  increased  to  14  feet. 

The  estimated  cost  of  this  enlargement  was  between  ^12  000  000  and. 
$13  000  000;  the  actual  cost  was  considerably  in  excess  of  that  sum. 

The  canal  is  27  miles  long,  and  extends  from  Lake  Erie  to  Lake  On- 
tario, parallel  with  and  west  of  the  Niagara  Eiver.  Its  depth,  as  above, 
is  now  14  feet,  and  its  bottom  width  100  feet.  It  has  27  locks,  with  a 
total  lift  of  330  feet,  and  will  pass  vessels  of  1  000  tons. 

A  further  enlargement  is  very  likely  to  be  undertaken  in  the  not  far 
distant  future. 

St.  Mary's  Canal. — This  canal,  which  forms  the  outlet  of  Lake  Su- 
perior, is  unique  in  several  respects. 

It  is  1  mile  long  and  has  at  present  a  depth  of  16  feet.  It  contains 
the  largest  lock  in  the  world,  515  feet  long,  80  feet  wide  in  the  chamber, 
60  feet  wide  at  the  gates,  17  feet  of  water  on  the  sills  and  a  lift  of  18 
feet.  • 
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The  canal  was  originally  constructed  iu  1855,  and  there  were  2  locks 
350  X  70  feet,  with  12  feet  of  water  on  the  sills,  and  9  feet  lift  each. 
About  1870  it  became  evident  that  the  capacity  of  the  canal  had  been 
nearly  reached,  and  the  work  of  enlargement  was  undertaken. 

This  work  consisted  of  the  construction  of  the  j^resent  lock  and  the 
deei^ening  of  the  canal  16  feet. 

These  improvements  were  completed  in  1881  at  a  cost  of  about 
$2  500  000,  with  a  most  astonishing  result  upon  the  traffic  of  the  canal. 

The  number  of  vessels  increased  and  their  size  and  draught  increased 
to  corresi^ond  with  the  increased  water-way.  The  tonnage  of  the  canal 
increased  from  Ij  million  tons  in  1881,  the  first  year  of  the  enlarged 
canal,  to  4 J  million  tons  in  1886— /.  e.,  it  trebled  in  five  years. 

In  1888  the  tonnage  was  over  5^  milUon  tons.*  From  1885  to  1886 
the  total  tonnage  increased  37  per  cent.,  and  from  1887  to  1888  the 
average  tonnage  per  vessel  increased  some  20  per  cent. ,  the  average  now 
being  aboiit  657  tons. 

The  annual  tonnage  of  the  canal  is  now  nearly  as  great  as  that  of 
Suez.     1  685  vessels  have  passed  through  the  canal  in  one  month. 

In  1886  it  was  seen  that  the  ultimate  capacity  of  the  canal  would  be 
reached  in  two  or  three  years— that  capacity  being  96  vessels  per  day  of 
twenty-four  hours,  and  8i  having  already  passed  in  that  time;  and  a 
still  further  enlargement  was  i^roposed,  and  is  now  in  progress.  This 
will  consist  of  a  lock  800x100  feet,  with  a  depth  of  21  feet  on  the  sills 
and  a  lift  of  18  feet,  and  the  deepening  of  the  canal  to  20  feet. 

The  new  lock  is  to  be  placed  upon  the  site  of  the  two  old  ones,  and 
will  be  used  in  connection  with  the  present  new  one.  The  cost  of  the 
enlargement  is  estimated  at  $4  738  865,  and  the  time  for  its  execution 
five  years. 

If,  on  the  completion  of  this  enlargement,  the  traffic  of  the  canal 
takes  such  an  upward  bound  as  it  did  after  the  last  enlargement,  and 
there  is  no  room  to  doubt  that  it  will,  Suez,  even  with  its  own  enlarge- 
ment completed,  will  have  difficult  work  to  keep  pace  with  it. 

The  present  lock  iu  this  canal  is  undoubtedly  the  finest,  as  it  is  the 
largest,  in  the  world.  It  is  manipulated  entirely  by  hydraulic  power 
furnished  by  the  fall  at  the  lock,  and  the  operation  of  hauling  iu,  lock- 
ing and  hauling  out  a  vessel  is  easily  accomplished  in  thirteen  minutes. 

*  For  the  year  eutUng  July,  1889,  the  touuage  was  G  93-2  203. 
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The  cost  per  ton  of  passing  vessels  througli  the  canal  in  1882  and  1883 
-was  one  and  a  half  to  two  cents;  it  is  now  about  one-half  cent. 

Des  Moines  Canal. — This  canal  gives  a  passage  arcnnd  the  Des 
Moines  Rapids  of  the  Mississippi  River.  Its  length  is  7.6  miles;  width, 
300  feet;  depth  at  extreme  low  water,  5  feet,  and  at  high  water,  16  to  26 
feet.  The  locks  in  this  canal  are  350x80  feet.  The  total  cost  of  the 
canal  about  $-1  500  000. 

In  1885  about  1  000  vessels  passed  througli  this  canal. 

Louisville  and  Portland  Canal. — This  canal,  around  the  falls  of  the 
Ohio  at  Louisville,  is  similar  to  the  Des  Moines  canal.  In  1885,  5  000 
vessels,  of  a  total  tonnage  of  1  217  231  tons,  passed  the  canal. 

Canals  in  Pbogkess. — Abroad. 

Corinth  Catial. — This  canal  will  cut  the  isthmus  of  the  same  name, 
uniting  the  waters  of  the  ^gean  Sea  and  the  Gulf  of  Lepanto,  and 
make  an  Island  of  the  Morea. 

The  Isthmus  of  Corinth  is  a  narrow  neck  of  land,  with  a  least  width 
of  not  more  than  6  kilos  (3.73  miles),  and  a  maximum  elevation  of 
about  80  meters  (262.5  feet).  It  is  a  plateau  between  two  chains  of 
mountains,  Mt.  Gueranieus  on  the  north  and  Mt.  Onicus  on  the  south, 
about  3  000  and  2  000  feet  high  respectively. 

The  ancients,  Periander,  Tyrant  of  Corinth,  in  628  B.  C. ;  Demetrius 
Poliorcetes,  one  of  the  successors  of  Alexander  the  Great;  Csesar;  and 
Caligula  had  all  seen  the  commercial  advantages  and  importance  of  a 
canal  at  this  point,  and  Nero  actually  undertook  the  execution  of  the 
project,  and  the  evidences  of  his  work,  after  the  lapse  of  eighteen  cen- 
turies are  perfectly  distinguishable,  and  show  the  measure  of  the  human 
force  that  this  Emperor  had  at  his  command. 

On  the  ^gean  side  there  was  a  trench  70  meters  (230  feet)  wide  at 
the  highest  part,  40  meters  (131.3  feet)  at  the  lowest,  and  about  200 
meters  (656  feet)  long.  The  earth  was  banked  up  on  both  sides  and  the 
trench  ends  abruptly  in  a  nearly  vertical  face. 

On  the  Corinth  side  vestiges  of  Nero's  work  are  also  visil)le,  and 
across  the  entire  breadth  of  the  Isthmus  is  a  succession  of  pits  2  meters 
(6.56  feet)  square,  where  soundings  were  made  to  a  depth  of  20  meters 
(65.6  feet). 

There  was  a  great  demonstration  at  the  inauguration  of  this  work, 
and  Nero  turned  the  first  sod  with  a  golden  sjjade,  in  aj^proved  modern 
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style.  He  is  said  to  have  abandoned  the  project  upon  being  informed 
by  scientists  that  the  sea  was  higher  on  one  side  of  the  Isthmus  than 
on  the  other. 

In  1881  a  French  company  was  organized  with  a  capital  of  ^6  000  000, 
M.  de  Lesseps  being  honorary  president.  Three  routes  were  surveyed 
across  the  Isthmus,  and  the  one  finally  selected  was  the  same  as  the 
ancient  one  of  Nero.  The  right  of  way  and  uncultivated  land  on  both 
sides  were  given  by  the  Greek  Government  on  condition  of  the  work 
being  completed  without  subsidy. 

May  4th,  1882,  the  work  was  inaugurated,  the  King  of  Greece  turn- 
ing the  first  sod  with  a  silver  spade  and  the  queen  firing  a  train  of 
dynamite  mines.  The  line  of  the  canal  is  perfectly  straight  and  its  total 
length  is  6  400  meters  (4  miles).  Its  section  as  originally  proposed  was 
22  meters  (72.18  feet)  wide  on  the  bottom,  and  8  meters  (26.25  feet) 
deep  at  low  water.  The  side  slopes  1-10  in  rock,  2-1  in  sand  and  1-1  in 
firm  earth,  giving  a  water  surface  width  of  from  23.6  meters  (77.43  feet)  to 
45  meters  (147. 64  feet).  It  was  expected  that  the  canal  could  be  finished 
in  four  years,  and  a  contracting  firm  took  the  job  for  ^5  280  000,  but  in- 
accurate estimates  as  to  the  amount  and  quality  of  rock  to  be  excavated, 
the  necessity  for  flattening  the  side  slopes  and  the  corresponding  in- 
crease of  excavation  have  greatly  prolonged  the  work  and  increased 
the  expense. 

The  original  contractors  were  obliged  to  throw  up  the  work,  and  it 
is  being  completed  by  another  firm.  It  is  now  expected  that  the 
canal  will  be  completed  in  1890  or  1891,  and  the  total  cost  is  variously 
estimated  at  from  S9  000  000  to  §12  000  000. 

The  completed  canal  will  be  4  miles  long,  with  a  surface  width  of 
about  28  meters  (91.87  feet),  a  bottom  width  of  16  meters  (52.42  feet), 
and  a  depth  of  8.5  meters  (27.89  feet).  The  depth  of  the  cut  at  the 
highest  part  of  the  Isthmus  will  l)e  288  feet.  The  personnel  and  plant 
employed  upon  the  canal  has  naturally  varied  with  the  progress  of  the 
work;  but  at  its  maximum  has  been  about  3  000  men,  15  locomotives, 
700  cars,  6  or  8  dredges,  with  their  attendant  tugs  and  barges.  The 
maximum  day's  work  has  been  8  000  cubic  meters  (10  464  cubic  yards). 
The  total  amount  of  excavation  will  be  about  8  500  000  cubic  meters 
(11  118  000  cubic  yards),  of  which  some  5  000  000  cubic  meters  (6  910  000 
cubic  yards)  will  be  rock.  Up  to  the  end  of  last  year  something  over 
5  000  000  cubic  meters  (6  910  000  cubic  yards)  had  been  removed. 
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The  work  on  this  canal  has  been  especially  interesting  from  the 
various  systems  of  attacking  the  great  mass  of  excavation  that  have  been 
successively  tried. 

Two  roads  and  one  railroad  cross  the  caual  at  a  height  that  will  clear 
the  masts  of  all  vessels. 

This  canal  will  shorten  the  voyage  of  vessels  going  from  the  Adriatic 
Sea  to  Turkey  and  Asia  Minor  by  185  miles,  and  those  coming  through 
the  Straits  of  Messina  by  95  miles. 

It  is  estimated  that  the  annual  tonnage  making  use  of  the  canal  will 
be  4  500  000  tons,  and  the  tolls  for  vessels  from  the  Adriatic  will  be 
twenty  cents  per  ton,  and  those  from  the  Mediterranean  ten  cents. 

North  Sea-Baltic,  or  Holstein  Canal. — Considering  the  auspices  under 
which  it  is  to  be  constructed,  and  the  principal  incentive  to  its  incep- 
tion, this  canal  will  probably  be  the  most  commanding  work  of  its  kind 
in  Europe. 

The  project  for  a  ship  canal  between  the  Baltic  and  North  Sea  dates 
back  about  forty  years.  There  are,  however,  three  small  canals  now  in 
existence  between  the  two  seas,  one  of  which — one  of  the  oldest  canals 
in  Europe — is  still  in  use,  and  was  commenced  in  1391  and  completed  in 
1398. 

Another  was  constructed  in  1525,  and  the  third,  projected  in  1571,  was 
commenced  in  1777,  and  completed  by  King  Christian  of  Denmark  in 
1785.     This  latter  has  a  depth  of  10  J  feet. 

Prussia  had  given  the  subject  of  a  ship  canal  serious  consideration 
previous  to  1866,  but  the  war  of  that  year  gave  the  matter  a  quietus. 

In  1878  the  project  was  again  brought  forward  in  a  vigorous  mauner, 
first  by  private  parties,  and  then  by  the  Government,  which  gave  the 
entire  subject  careful  legislative  consideration  during  1881-83,  and 
finally  approved  the  bill  in  June,  1886. 

June  3d,  1887,  the  German  Emperor  oflScially  inaugurated  the  canal, 
and  only  last  month  proposals  for  some  15  000  000  cubic  yards  of  addi- 
tional excavation  were  advertised  for  by  the  Imperial  Commission  at 
Kiel. 

All  the  i?rojects  for  this  canal  having  originated  in  military  and 
political  considerations,  the  same  considerations  controlled  the  selection 
of  the  final  route,  from  the  important  naval  station  of  Kiel,  on  the  Baltic, 
to  Brunsbiittel,  on  the  deep  water  at  the  mouth  of  the -Elbe,  from  among 
some  sixteen  proposed  locations. 
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From  the  Elbe  the  canal  passes  through  swampy  land,  and  then 
through  gradually  rising  ground,  to  the  "divide"  82  feet  above 
the  sea. 

Thence  to  the  Eider,  a  portion  of  which  is  utilized,  thence  to  the 
Eider  Lakes,  and  thence  via  the  Eider  canal,  rectified  and  enlarged,  to- 
Holtenau,  near  Kiel. 

The  length  of  the  canal  will  be  between  60  and  61  miles,  the  usual 
radii  of  curves  4  900  and  6  500  feet,  with  a  minimum  of  3  275  feet. 

The  chief  value  of  the  canal  being  in  the  speed  with  which  it  can  be 
traversed,  the  curves  will  be  as  easy  and  few  as  possible.  The  average 
cross-section  of  the  canal  will  be  85  feet  3  inches  wide  at  bottom,  197 
feet  at  water  surface  and  27  feet  10  J  inches  deep,  giving  3  920  square 
feet  of  prism,  which  will  permit  the  ordinary  Baltic  vessels  to  pas& 
without  trouble.  The  lakes  and  special  sidings  will  accommodate  war 
vessels.  The  depth  will  possibly  be  increased  to  29  feet  6  inches,  and 
the  future  enlargement  of  the  canal  is  provided  for  by  the  purchase  of 
a  strip  of  land  along  the  south  side  of  the  canal. 

The  caual  is  a  thorough  cut,  with  tidal  locks  at  each  end.  The  mean 
range  of  tides  in  the  Baltic  is  about  1  foot  8  inches  above  and  below  the 
canal  level,  and  in  the  Elbe  4  feet  6  inches  above  the  same  level. 

At  Brunsbiittel  there  will  bs  three  locks,  viz.,  one  275  x  41  feet,  one 
412  X  82  feet  and  one  1  180  x  196  feet,  and  at  the  Baltic  end  one  large 
one;  this  latter,  however,  will  be  usually  open.  The  locks  will  be  of 
massive  construction,  worked  by  hydraulic  power. 

Four  railroads  and  several  highways  will  cross  the  caual  on  draw- 
bridges. 

The  total  amount  of  excavation  is  67  000  000  cubic  yards,  and  the 
estimated  cost  of  the  canal  is  S39  000  000.  Of  this  sum  $12  500  000 
represents  the  excess  cost  of  the  work  as  a  military  canal  over  what  it 
would  cost  for  purely  commercial  uses.  The  estimated  cost  of  mainten- 
ance is  $450  000  to  $500  000. 

The  commercial  advantages  of  the  canal  are  the  saving  in  distance, 
time,  i^ilot  dues,  and  loss  in  going  around  Denmark.  The  saving  in 
distance  by  vessels  coming  from  the  south  and  west  of  London  to  the 
Baltic  is  237  miles,  and  from  German  ports  some  425.  The  saA-ing  in 
time  is  from  thirty  hours  for  steamers  to  four  days  for  sailing  vessels. 
The  greater  safety  is  also  an  important  item,  200  vessels  being  annually 
lost  in  the  dangerous  i^assage  from  the  North  Sea  to  the  Baltic. 
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The  North  Sea-15.iltic  traffic  is  variously  estimated  at  from  36  670  to 
40  000  vessels  annually,  with  a  registered  tonnage  of  12  240  000  tons, 
5  500  000  to  9  000  000  tons  of  which  would  use  the  canal  at  a  toll  of 
eighteen  aud  three-fourths  cents  j)er  registered  ton. 

The  great  charm  of  the  canal,  however,  is  its  military  imijortance, 
allowing  the  German  fleet  to  be  concentrated  either  in  the  North  Sea  or 
the  Baltic  with  great  rapidity. 

Manchester  Canal. — This  canal,  now  in  process  of  construction,  will 
make  the  City  of  Manchester,  at  present  50  miles  from  the  sea  and  35 
miles  from  the  head  of  the  tidal  estuary  of  the  Mersey,  practically  a 
seaport,  and  will  completely  alter  the  destination  of  an  immense  amount 
of  tonnage  now  entered  or  cleared  at  London,  Hull,  and  especially 
Liverpool. 

It  is  said  that  the  scheme  for  connecting  Manchester  with  the  sea 
dates  back  to  1712.  In  1882  the  matter  was  taken  up  vigorously  by  the 
local  authorities  and  capitalists  of  Manchester.  The  first  project  con- 
sidered was  to  deejien  and  widen  the  Irwell,  so  as  to  make  a  tidal  water- 
way, a  second  Clyde,  from  the  bar  of  the  Mersey  to  the  Manchester 
docks,  a  distance  of  50  miles.  Thorough  surveys  and  studies  led  to  the 
rejection  of  this  project,  and  the  adoption  of  the  plan  on  which  the 
canal  is  now  being  built,  made  by  Mr.  Williams,  C.  E. 

From  the  outset  great  opposition  was  encountered  from  the  Liver- 
pool and  Mersey  interests,  and  from  the  several  important  railroad  com- 
l^anies,  whose  lines  cross  the  line  of  the  canal,  and  which  would  be  i^ut 
to  large  expense  to  modify  their  lines  so  as  not  to  interfere  with  the 
navigation  of  the  caual. 

This  opposition  delayed  the  passage  of  the  canal  bill  in  Parliament 
for  several  years,  and  it  was  not  iintil  the  summer  of  1887  that  this  op- 
position was  overcome  and  the  bill  finally  passed.  The  capital  of  the 
company  was  immediately  raised,  and  the  contract  for  the  construction 
of  the  caual  given  out  the  same  year.  Work  was  commenced  at  once, 
and  is  now  being  vigorously  pushed,  so  that  there  seems  to  be  no  doubt 
but  that  the  caual  will  be  finished  within  the  contract  time  of  four  years. 

The  length  of  the  canal  is  a  little  over  35  miles  from  Manchester  to 
the  Mersey  estuary,  sei3arated  into  two  divisions : 

First. — A  tidal  division  from  Eastham  through  the  Mersey  estuary 
to  Runcorn,  12  miles;  then  inland  8  miles  further  to  Warrington,  with 
a  bottom  width  of  100  feet  and  a  depth  of  26  feet  at  low  tide. 
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Second. — A  canal  division  from  Warrington  to  Manchester,  15^  miles 
long,  with  a  Ijottom  width  of  100  feet,  a  depth  of  26  feet  and  a  surface 
width  of  300  feet. 

There  are  four  locks,  or  rather  series  of  locks,  these  locks  being 
built  in  groups  of  three  of  different  sizes,  and  with  intermediate 
gates,  so  that  any  size  of  vessel  may  be  passed  without  waste  of  water. 
The  total  rise  of  the  canal  is  60  feet.  The  total  amount  of  excavation 
is  about  48  000  000  cubic  yards,  and  the  contract  price  for  the  work  is 
330  000  000. 

The  personnel  and  jilant  nov/  engaged  upon  the  canal  is  about  as 
follows:  15  000  men,  70  steam  shovels,  50  steam  cranes,  150  locomotives, 
5  000  dump  cars,  etc.,  etc.,  and  an  average  of  over  1000  000  cubic 
yards  per  month  are  being  taken  out.  The  work  on  the  canal  seems  to 
be  a  model  of  perfect  organization  and  business-like  procedure. 

The  figures  of  the  expected  traffic  of  the  canal  I  am  unable  to  give; 
but  there  seems  to  be  no  question  that  it  will  be  a  financial  as  well  as  an 
engineering  success,  there  being  a  very  dense  manufacturing  jjopulation 
within  a  radius  of  a  few  miles  of  Manchester,  to  which  supplies  must 
be  brought  and  from  which  manufactured  products  must  be  taken 
away. 

Canals  in  Pbogress. — At  Home. 

Cape  God  Canal. — The  project  for  a  canal  across  Cape  Cod  was 
broached  a  little  over  two  hundred  years  ago  and  nearly  a  hundred 
years  ago  complete  surveys  had  been  made  for  the  work. 

It  is  only  within  a  few  years,  however,  that  work  has  actually  been 
commenced,  and  it  has  not  progressed  very  rapidly. 

The  Hne  of  the  canal  extends  from  the  mouth  of  Monumet  River, 
Buzzard's  Bay,  to  a  point  south  of  Sagamore  Hill,  on  Barnstable  Bay. 
The  length  of  the  canal  is  7.0  miles,  and  the  deepest  cut  is  only  25  feet 
to  high  water.  The  proposed  section  of  the  canal  is  200  feet  wide  and 
28  feet  deep  below  low  water.  The  amount  of  material  to  be  excavated 
is  about  18  000  000  cubic  yards,  and  the  cost  is  variously  estimated  at 
from  S3  000  000  to  $9  000  000.  Time  for  completion  was  put  at  from 
three  to  five  years.  Two  miles  of  the  canal  are  stated  recently  to  be 
finished  to  a  depth  of  15  feet.  This  canal  would  shorten  the  route  from 
Boston  to  ports  south  from  70  to  140  miles,  and  the  saving  in  time  for 
sailing  vessels  is  estimated  at  an  average  of  three  days. 
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The  expected  traffic  of  the  canal  is  put  at  4  000  000  to  5  000  000 
tons. 

The  canal  has  military  advantages  as  important  as  its  commercial 
ones. 

Harlem  Candl. — This  canal,  which  will  connect  the  East  and  Hudson 
Kivers  by  way  of  Harlem  River  and  Spuyten  Day  vil  Creek,  will  be  about 
8  miles  long,  15  feet  deep  and  400  feet  wide. 

The  history  of  this  work  dates  back  to  1874,  when  General  Newton 
made  a  survey  for  the  canal.  His  report  was  published  in  1875,  and 
additional  ones  in  1876  and  1881.  In  1879  Congress  appropriated 
S400  000  for  the  work,  and  in  1887  proposals  were  advertised  for  and 
the  contract  awarded  in  December  of  the  same  year. 

The  work  was  commenced  early  in  1883  and  is  now  in  progress.  The 
estimated  cost  is  S2  700  000. 

Columbia  Oma/.— This  canal  will  connect  the  Congaree  and  Broad 
Elvers,  S.  C.  It  is  5  miles  long,  10  feet  deep,  150  feet  wide  at  the 
surface. 

Over  a  mile  of  this  canal,  including  the  most  difficult  portion,  is 
already  completed.  The  canal  will  give  Columbia  and  the  Broad  River 
a  water  outlet  to  the  sea  at  Charleston. 

Cascades  Canal. — This  canal,  now  in  process  of  construction  around 
the  Cascades  of  the  Columbia  River,  will  be  3  000  feet  long,  and  wiU  have 
two  locks,  462  X  80  to  90  feet,  with  8  to  24  feet  of  water. 

This  canal  will  give  an  outlet  to  the  great  jDlain  of  the  Columbia,  as 
yet  almost  entirely  undeveloped. 

Nicaragua  Canal. — The  birth  of  the  idea  of  a  ship  canal  across  the 
Central  American  Isthmus  is  practically  coincident  with  the  discovery 
of  the  New  World,  as  it  sprang  into  existence  the  moment  it  was  found 
that  there  was  no  natural  strait  connecting  the  two  seas. 

But,  though  the  project  was  frequently  discussed  and  numerous  so- 
called  surveys  made,  nothing  like  an  accurate  survey  was  made  until 
within  the  present  century. 

Immediately  the  Central  American  colonies  threw  off  the  Spanish 
rule  and  gained  their  independence,  the  project  came  prominently  to 
the  front.  In  1836-37  Mr.  Bailey  made  a  partial  survey,  confined  en- 
tirely to  the  western  portion  of  the  line,  between  Lake  Nicaragua  and 
the  Pacific. 

In  1850-51  a  thorough  survey  of  a  complete  route  from  the  Atlantic 
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to  the  Pacific  was  made  by  Colonel  O.  W.  Cbilds,  and  plans  and  estimates 
isresented  for  a  canal  50  feet  wide  at  the  bottom,  from  78  to  118  feet 
wide  at  the  surface  and  17  feet  deep,  the  estimated  cost  being  a  little 
less  than  ^33  000000.  Colonel  Childs'  work  is  of  interest  as  being  the 
first  survey  made  anywhere  on  the  American  Isthmus  which  was  really 
deserving  of  the  name,  all  previous  ones  being  wholly  or  in  part  based 
upon  mere  reconnoissance,  estimate,  or  even  hearsay.  A  commission 
of  English  engineers  and  capitalists  which  examined  Colonel  Childs' 
plans  came  to  the  conclusion  that  a  canal  of  the  proposed  dimensions 
would  not  meet  the  requirements  of  ocean-going  vessels,  nor  could  the 
commission  see  at  that  time  sufficient  prospective  traffic  to  make  the 
canal  a  financial  success,  and  consequently  the  project  was  dropped. 

"When  the  United  States  Government  in  1870-75  undertook  through 
the  Navy  Department  its  comprehensive  system  of  exploration  of  the 
American  Isthmus  from  Tehuantepec  to  the  head  waters  of  the  Atrato, 
to  determine  where  was  the  best  route  for  an  interoceanic  canal,  the 
Nicaragua  route  was  one  of  the  first  ones  surveyed.  Captain  Lull,  in 
command  of  the  expedition,  presented  plans  for  a  ship  canal  with  a  bot- 
tom width  of  50  to  72  feet,  a  surface  width  of  106  to  165  feet  and  a 
depth  of  26  feet,  estimated  cost  a  little  less  than  S66  000  000. 

In  1876  and  1880  Civil  Engineer  Menocal,  U.  S.  N.,  M.  Am.  Soc.  C.  E., 
the  engineer  of  Captain  Lull's  expedition,  revised  portions  of  the  route, 
and,  in  1885,  radically  modified  the  eastern  portion.  In  the  spring  of 
1887  a  concession  was  obtained  from  Nicaragua  by  American  capitalists 
for  the  construction  of  a  canal,  and  in  the  latter  part  of  the  same  year  a 
large  and  completely  equipj^ed  engineering  force  was  sent  to  Nicai-agua 
to  thoroughly  re-survey  and  definitely  locate  the  axial  line  of  the  canal. 
Plans  and  estimates  for  a  canal  with  a  bottom  width  of  from  80  to  120 
feet,  a  surface  width  of  from  80  to  340  feet  and  a  depth  of  30  feet,  based 
upon  the  location  made  by  this  expedition,  were  jirepared  in  the  latter 
part  of  1888,  the  estimated  cost  being,  about  $66  000  000,  and  the  time  for 
completion  five  years. 

The  last  Congress  passed  the  bill  incorporating  the  company  with  a 
capital  of  $100  000  000,  with  power  to  increase  to  $200  000  000,  and  the 
■work  of  construction  has  already  commenced. 

The  distance  from  sea  to  sea  by  the  canal  as  now  located  is  170  miles. 
Less  than  30  miles  of  this  distance,  however,  is  actual  canal,  the  remain- 
der being  lake,  river  and  lagoon  navigation.     In  this  respect  it  resem- 
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bles  the  Caledonian  Canal.  The  summit  level  is  154  miles  long  and  110 
feet  above  the  sea.  There  are  six  locks.  The  principal  features  of  this 
canal  are  the  creation  of  64  miles  of  slack  water  in  the  San  Juan  River 
by  means  of  a  dam  and  the  formation  of  several  miles  of  lagoon  naviga- 
tion by  imi)ounding  the  surface  drainage  by  a  series  of  embankments. 
The  estimated  time  of  traversing  the  canal  is  28  hours,  and  the  expected 
traffic  when  first  oj^ened  is  not  less  than  6  000  000  tons  annually. 

The  magnitude  of  the  benefits  resulting  from  the  ojDening  of  this 
canal  it  would  be  impossible  to  overstate.  It  will  shorten  the  commer- 
cial water  routes  of  the  world  from  2  000  to  6  000  miles,  and  the  routes 
between  our  eastern  and  western  seaboard  by  8  000  miles. 

Exceptional  as  has  been  the  success  of  the  Suez  and  St.  Mary's 
Canals,  the  Nicaragua  Canal  will  possess  all  the  favoring  elements  of 
both  in  an  enhanced  degree. 

The  Suez  Canal  opened  a  shorter  route  to  comiiaratively  fully  devel- 
oped countries,  and  its  business  has  been  almost  entirely  due  to  the 
diversion  to  itself  from  longer  routes  of  an  already  existing  traffic. 

The  St.  Mary's  Canal,  on  the  contrary,  is  the  only  outlet  of  a  region 
the  development  of  which  has  been  rendered  possible  by  the  canal 
itself,  and  it  may  be  said  to  have  created  its  enormous  traffic. 

The  Nicaragua  Canal  will  open  up  a  direct  route  to  regions  that, 
although  they  already  yield  a  traffic  of  6  000  000  tons  i^er  annum  (which 
will  immediately  seek  the  canal),  may  be  said  to  have  just  begun  to 
develop,  and  the  canal  will  not  only  divert  this  existing  traffic  to  itself, 
but  will  in  addition  create  a  business  the  proportions  of  which  it  is  diffi- 
cult, if  not  impossible,  to  estimate. 

The  increase  in  the  traffic  of  the  St,  Mary's  Canal  from  1  500  000 
tons  in  1881  to  4  500  000  tons  in  1886,  as  the  result  of  the  development 
of  the  I'egion  about  Lake  Superior,  may,  however,  serve  as  a  basis  for 
a  general  idea  of  the  future  traffic  of  a  canal  which  will  practically  be  to 
the  Pacific  Ocean  what  the  St.  Mary's  Canal  is  to  Lake  Superior — its 
only  outlet. 

Pkojected  Canals. — Abroad. 

Birmingham  Canal. — The  rivalry  between  the  great  English  manu- 
facturing centers,  greatly  intensified  by  the  construction  of  the  Man- 
chester Canal,  will  doubtless  result  in  the  near  future  in  the  construc- 
tion of  similar  works  for  the  benefit  of  Birmingham,  Sheffield,  Bristol, 
and  other  cities.     Judging,  however,  from  the  numerous  jDrojects  which 
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have  been  advanced  within  the  past  two  or  three  years  for  giving  Bir- 
mingham canal  communication  with  almost  everywhere,  that  city  feels 
the  rivalry  and  the  disadvantages  of  its  inland  position  most  keenly,  and 
is  likely  to  be  the  first  to  follow  the  example  of  Manchester. 

The  princijjal  jDrojects  so  far  are  :  a  barge  canal  to  the  Trent ;  a  ship 
canal  to  London,  estimated  cost  $5  000  000  ;  a  ship  canal  to  the  Mersey, 
consisting  of  a  concreted  channel  60  feet  wide,  11  feet  deep,  capable  of 
passing  a  300-ton  vessel,  and  estimated  to  cost  ^8  000  000  ;  and  a  ship 
canal  to  the  Severn,  estimated  to  cost  S6  250  000. 

The  latter  project  seems  now  in  a  fair  way  to  be  put  through.  The 
outgoing  traffic  of  Birmingham  is  stated  at  2  000  000  tons  and  a  toll  of 
four  shillings  is  spoken  of. 

Great  Western  Canal. — This  canal  would  be  in  reality  a  prolongation 
of  the  Birmingham  Canal,  in  the  interests  of  the  manufacturing  and 
commercial  centers  tributary  to  the  Bristol  Channel. 

The  projected  route  is  from  Stalford,  on  the  Bristol  Channel,  via 
Taunton  to  Seaton,  a  distance  of  62  miles.  The  canal  is  to  be  125  feet 
wide  at  the  surface,  36  feet  wide  at  the  bottom,  and  21  feet  deep. 
Estimated  cost,  $15  000  000. 

The  canal  would  save  a  voyage  of  300  miles  around  Laud's  End. 

Newcastle-on-Ti/ne  Canal. — The  project  for  a  ship  canal  from  the  Tyne 
to  the  Solway  Firth,  first  talked  of  some  fifty  years  ago,  was  again 
brought  forward  about  five  or  six  years  since,  and  some  work  done  in  the 
way  of  surveys. 

The  distance  from  sea  to  sea  is  80  miles,  of  which  some  12  miles  are 
now  navigable  by  vessels  of  large  size. 

It  is  claimed  the  canal  would  offer  a  convenient  short  cut  for  ocean 
steamers  from  one  coast  to  the  other. 

Scotch  Canal. — Within  the  past  year  a  project  for  a  canal  from  the 
Clyde  to  the  Forth  has  been  talked  of.  The  length  would  be  35  miles, 
and  the  rise  156  feet.  There  is  at  present  a  9-foot  canal  along  the  route, 
and  it  is  said  there  would  be  no  great  engineering  difficulties  to  over- 
come.    Estimated  cost  from  $7  500  000  to  UO  000  000. 

It  is  claimed  that  for  Channel  steamers  between  Ireland  or  the  west 
coast  of  Scotland,  England  or  Wales,  to  the  east  coast  or  the  Continent, 
the  canal  would  be  of  great  benefit,  shortening  the  voyage  and  avoiding 
the  dangerous  navigation  around  the  north  of  Scotland;  that  it  would 
also  oj^en  up  the  coal  and  oil  districts  of  Scotland,  and  that  vessels  from 
America  to  the  east  coast,  the  Baltic  and  the  Continent  would  be  bene- 
fited; but  this  latter  is  doubtful. 

Important  military  advantages  are  also  claimed  for  the  canal,  as  it 
would  permit  the  rapid  concentration  of  war  ships  on  either  coast. 

Irish  Canal. — The  i:)roject  for  a  canal  across  Ireland,  between  Galway 
and  Dublin,  attracted  some  attention  in  England  in  1883  and  188-t. 

It  was  proposed  to  enlarge  the  existing  canal  to  a  width  of  100  feet 
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ou  the  bottom  aud  200  feet  on  the  surface,  and  a  dejjth  suflScieut  to  per- 
mit the  passage  of  the  largest  ocean  steamers.  The  length  would  be 
127  miles,  and  there  were  to  be  thirty  locks. 

A  preliminary  estimate  of  cost  was  S250  000  000,  Further  studies 
reduced  this  to  §100  000  000.  Alternative  plans  to  accommodate  vessels 
of  2  500  and  1  500  tons  were  estimated  at  $60  000  000  and  840  000  000 
respectively.  It  was  claimed  that  by  using  this  canal  transatlantic 
steamers  to  ports  on  the  Irish  Sea  would  save  both  in  time  and 
length  of  sea  voyage.  A  press  comment  upon  the  project  at  the  time 
was  that  the  "scheme  is  not  much  more  visionary  than  the  Manchester 
Canal." 

Bay  of  Biscaii-Meditei'ranean  Canal. — This  is  a  project  which  comes 
up  every  little  while  in  France,  and  which  would  amount  i^ractically  to 
an  enlargement  of  the  Langiiedoc  Canal. 

One  of  the  jiroposed  routes  would  follow  closely  that  of  the  present 
Languedoc  Canal  from  Bordeaux  to  Narbonne. 

The  other  starts  from  the  Bay  of  Biscay  at  Arcachon,  south  of  the 
mouth  of  the  Gironde,  and  runs  northeast  to  the  valley  of  the  Garonne; 
thence  along  the  left  bank  of  that  river  to  Toulouse;  thence  in  a  direct 
line  to  Narbonne.  The  total  distance  is  267  miles.  The  canal  will  be 
120  feet  wide  in  rock  cutting  and  147  feet  in  embankments;  width  of 
passing  places,  203  feet;  depth,  25  to  27  feet.  The  summit  level  will  be 
557  feet  above  the  sea,  and  the  locks  will  have  lifts  of  30  feet  and  over. 
The  deepest  cutting  will  be  163  feet,  at  Naurose.  The  estimated  cost  of 
the  canal  is  §130  000  000,  and  it  would  save  a  voyage  of  700  miles  around 
Spain. 

North  Sea-Medit&)-ranean. — This  is  one  of  the  most  remarkable  of 
great  canal  projects  recently  under  consideration. 

Like  most  other  enterprises  of  this  character,  it  is  old  in  conception, 
dating  back  to  the  beginning  of  the  Christian  era. 

It  seems  to  have  first  taken  definite  shape  about  ten  years  ago  in  a 
plan  for  a  canal  from  Marseilles  to  Lyons,  and  thence  to  Dunkirk.  A 
second  route  was  from  Marseilles  to  Lyons,  and  thence  to  Paris  and 
Kouen. 

The  portion  of  this  last  route  from  Paris  to  the  English  Channel 
seems  liable  to  be  executed  at  a  not  distant  date,  a  French  com^iany 
having  oftered  within  the  year  to  execute  the  work  at  its  own  expense  if 
it  is  granted  a  toll  of  60  cents  jier  ton  on  all  vessels  entering  the 
canal  above  Rouen. 

The  proposed  canal  would  be  20  feet  deep,  and  extend  along  the 
Seine  from  Eouen  to  Paris,  112  miles. 

Brussels  Canal. — The  City  of  Brussels  is  agitating  the  project  of 
deepening  her  present  10-foot  canal  to  the  sea,  built  in  1836,  to  a  depth 
of  21-22  feet,  to  admit  vessels  of  2  500  to  3  000  tons,  at  an  estimated  cost 
of  U  000  000  to  §6  000  000. 
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Bruges  Canal. — The  old-time  commercial  prestige  and  importance  of 
Bruges  has  been  gradually  but  completely  destroyed  by  the  silting  up 
of  its  communication  with  the  sea,  and  it  is  now  proposed  to  construct  a 
ship  canal  direct  to  the  sea,  a  distance  of  7 J  miles.  The  proposed 
section  of  the  canal  is  :  bottom  width,  66  feet ;  width  at  water  surface, 
203  feet,  and  depth,  23  feet.     The  estimated  cost  is  about  S5  000  000. 

Paris-Boulogne  Canal. — This  canal  is  proj)osed  for  vessels  of  600  to 
800  tons.  Its  width  would  be  197  to  230  feet,  increased  to  262  feet  at 
l^assing  places,  and  the  depth  13  feet. 

Italian  Canal. — In  the  summer  of  1888  Signer  Broca  completed  the 
survey  of  a  canal  across  Italy,  to  save  the  long  journey  around  Cape 
Lucca.  The  line  of  the  canal  extends  from  Fano,  on  the  Adriatic,  to  near 
Castro,  on  the  Mediterranean.  Length,  180  miles  ;  proposed  width,  33 
feet,  and  depth,  40  feet.  Estimated  cost,  .^100  000  000,  and  time  for  com- 
pletion five  years.  In  constriicting  this  canal  it  would  be  necessary  to 
drain  two  lakes.  It  is  claimed  that  the  canal  would  be  of  great  value  to 
the  whole  of  southern  Europe. 

Baltic-Black  Sea  Cana/.— Within  the  jDast  five  or  six  years  the  project 
for  a  ship  canal  from  the  Danube  near  Vienna  through  Moravia  and 
Austrian  and  Prussian  Silesia  to  the  Oder  near  Breslau  has  attracted 
considerable  attention,  and  has  been  carefully  discussed  at  Berlin  and 
Vienna.  The  distance  in  an  air  line  is  200  miles  and  the  estimated  cost 
of  a  canal  cajjable  of  passing  large  war  vessels  is  put  at  about  .?37  000 
000.  The  i^roject  has  been  reported  as  entirely  feasible,  and  it  is  said 
that  a  i^reliminary  credit  for  conducting  the  surveys  has  been  applied 
for. 

It  is  proposed  that  three-fifths  of  the  expense  should  be  borne  by 
Austria  and  the  remainder  by  Germany. 

The  number  of  vessels  using  the  canal,  it  is  claimed,  would  be  three 
times  as  great  as  the  number  at  Suez. 

Don-Volga  or  Black  Sea-Caspian. — The  route  of  the  loug-talked-of 
canal,  plans  for  which  are  said  to  have  been  drawn  up  in  the  time  of 
Sultan  Selim,  is  to  be  from  Serepta,  on  the  Volga,  to  Tzaritzine,  on  the 
Don,  a  distance  of  53  miles.  It  will  accommodate  vessels  230  x  40  feet  of 
500  to  600  tons,  which  it  is  expected  can  make  the  triiJ  in  seventy  hours. 

The  estimated  cost  of  the  canal  is  $14  000  000,  not  including  admin- 
istration, discounts,  etc.  Of  this  sum,  $8  000  000  is  for  excavation, 
$4  000  000  for  locks,  and  S2  000  000  for  bridges,  buildings,  etc.  The  total 
excavation  is  estimated  at  35  000  000  cul)ic  yards.  The  deepest  cut  is 
128  feet. 

Perekop  Canal. — This  canal  as  projected  Avill  cut  the  Isthmus  of 
Perekop,  which  unites  the  Crimea  with  the  mainland,  and  unite  the  waters 
of  the  Gulf  of  Perekop  and  the  Azof  Sea. 

It  will  be  70  miles  long,  65  feet  wide  and  12  feet  deep,  and  the  esti- 
mated cost  is  S40  000  000.     It  is  thought  that  it  can  be  constructed  in 


PEAEY   ON   SHIP  CANALS.  81 

four  or  five  years,  and  it  is  claimed  tliat  it  will  shorten  the  voyage 
between  Odessa  and  Sea  of  Azof  ports  295  to  434  miles,  enable  vessels 
to  avoid  the  dangerous  navigation  of  the  Straits  of  Kertch,  and  greatly 
benefit  the  salt,  mineral,  grain  and  fuel  producing  districts  of  south- 
eastern Russia. 

A  compauy  is  now  said  to  be  awaiting  Russian  sanction  to  build  the 
canal. 

Jordan  or  Palestiae  C'inal.—T\\Q  general  features  of  this  project  were 
as  follows  :  A  canal  25  miles  long,  about  200  feet  wide  and  30  feet  deep 
would  be  cut  from  Acre,  on  the  Mediterranean,  to  the  valley  of  the  Jordan, 
north  of  Lake  Tiberias. 

The  maximum  depth  of  the  cut  would  be  285  feet. 

A  second  canal  67  miles  long,  and  presumably  of  the  same  dimen- 
sions, would  be  cut  from  the  head  of  the  Gulf  of  Akabah  to  the  south 
end  of  the  Dead  Sea  Valley.  The  deepest  cut  on  this  section  of  canal 
would  be  728  feet. 

The  valley  of  the  Jordan  and  the  Dead  Sea,  portions  of  which  are 
1  300  feet  below  the  sea  level,  would  then  be  flooded,  obliterating  the 
Jordan,  Dead  Sea,  Sea  of  Tiberias  and  several  hundred  square  miles  of 
land,  and  forming  a  lake  about  147  miles  long  and  10  miles  wide,  and 
the  canal  would  be  complete.  The  total  distance  from  sea  to  sea  is 
240  miles.  The  estimated  cost  was  from  ^40  000  000  to  .^100  000  000, 
and  the  estimated  time  of  passage  as  four  hours  shorter  than  the 
Suez  route. 

Numerous  advantages  were  claimed  for  this  project,  among  others 
that  it  would  be  the  fulfillment  of  the  prophecy  in  Ezekiel.  "  Chinese" 
Gordon  was  a  supporter  of  it. 

As  the  origin  of  this  project  was  entirely  English,  and  as  it  was 
prominently  agitated  just  at  the  time  when  the  question  of  the  enlarge- 
ment of  the  Suez  Canal  was  being  discussed  and  England  was  endeavor- 
ing to  obtain  from  M.  de  Lesseps  a  reduction  in  tolls  and  a  greater 
share  in  the  management  at  Suez,  and  nothing  has  been  heard  of  it  since, 
it  is  open  to  the  suspicion  that  it  was  used  merely  to  obtain  as  good 
terms  as  possible. 

Si/rio-Persl<m  Canal. — The  general  project  for  a  canal  from  the  Per- 
sian Gulf  to  the  Mediterranean  was  laid  before  the  French  Academy  of 
Sciences  in  the  winter  of  1886-87,  by  a  French  engineer,  withoiit,  how- 
ever, any  estimate  of  cost.  The  line  of  the  canal  as  indicated  is  from 
Antioch  up  the  Orestes,  thence  by  tunnel  through  the  mountains  to  the 
Euphrates,  then  utilize  that  river  to  Babylon,  thence  by  canal  to  Bagdad, 
then  down  the  Tigris  to  the  Gulf.  It  is  claimed  that  this  canal  would 
shorten  the  route  between  Euroi^e  and  Asia  three  days. 

Isthmus  of  Malacca  Canal. — The  project  for  this  canal  was  vigorously 
agitated  by  the  French  in  Siam  in  1882-83,  and  in  the  latter  year  M.  de 
Lesseps  asked  the  King  of  Siam  for  a  concession. 
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This  canal  would  unite  the  Bay  of  Bengal  and  Gulf  of  Siam  near 
Kraw,  via  the  bed  of  the  River  Tayons. 

Its  length  would  be  about  66  miles,  and  it  is  claimed  it  would  save  500 
miles  of  dangerous  navigation  between  New  York  or  Liverpool  and  the 
ports  of  China.     Estimated  cost,  S20  000  000, 

Ceylon- Indian  Canal. — This  project  is  to  cut  a  channel  through  the 
island  of  Ramisseram,  lying  between  Ceylon  and  India,  by  which  it  is 
said  a  sea  voyage  of  300  to  400  miles  will  be  saved. 

Projected  Canals. — At  Home. 

Panama  Canal. — The  idea  of  a  canal  at  Panama  is  of  equal  antiquity 
with  that  of  Nicaragua.     The  two  i^rojects  may  be  said  to  be  twins. 

The  first  actual  survey  of  the  Panama  line  seems  to  have  been  made 
in  1828,  but  nothing  came  of  it.  In  1843-44  M.  Napoleon  Garella  sur- 
veyed a  line  across  the  Isthmus,  and  a  French  company  was  organized, 
and  preparations  made  to  commence  the  work,  but  wars  in  Europe  in- 
terfered, and  the  project  fell  through.  In  1875  a  line  was  surveyed 
across  the  Isthmus  by  Captain  Lull,  United  States  Navy,  under  orders 
from  the  Navy  Department,  and  jilans  and  estimates  for  a  lock  canal 
were  presented. 

In  1876-77  Lieutenants  "Wyse  and  Reclus,  of  the  French  Navy, 
surveyed  several  lines,  and  in  March,  1878,  Lieutenant  Wyse  obtained 
a  concession  from  the  Columbian  Government.  A  company  was  then 
formed,  with  M.  de  Lesseps  at  its  head,  to  construct  the  canal,  and  after 
the  preliminary  arrangements  were  completed,  work  commenced  in  1881. 

Several  plans  for  this  canal  were  discussed,  viz.,  with  locks,  with  a 
tunnel,  and  a  thorough  cut,  the  last  plan  being  finally  adopted.  The 
length  of  the  canal  is  47  miles,  the  bottom  width  22  meters  in  earth 
and  24  meters  in  rock,  the  surface  width  50  meters  in  earth  and  28 
meters  in  rock,  and  the  depth  8.5  and  9  meters.  The  deepest  cutis  386 
feet,  and  the  total  amount  of  material  to  be  removed  was  estimated  at 
first  at  46  000  000  cubic  meters;  later  at  105  000  000  cubic  meters,  and 
still  later,  1885,  at  151  000  000  cubic  meters,  which  last  figures  are  proba- 
bly still  below  the  mark. 

The  original  estimate  of  the  cost  of  the  canal  was  8120  000  000,  the 
time  for  its  completion  eight  years,  and  it  was  expected  that  5  000  000 
to  6  000  000  tons  of  traffic  would  use  the  canal. 

Under  the  stimulus  of  M.  de  Lessei)s'  wonderful  energy  and  great 
prestige  the  stock  of  the  company  was  rapidly  taken,  and  great  quanti- 
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ties  of  plant  and  material  were  shipped  to  the  Isthmus,  a  magnificent 
"  installation  "  was  put  in  commission,  and  the  work  went  merrily  on. 
Almost  at  the  outset,  however,  obstacles  which  had  been  pointed  out  by 
prominent  engineers  were  encountered,  and  the  work  did  not  progress 
as  rapidly  as  had  been  expected.  Several  additional  issues  of  bonds  were 
made  without  dampening  the  enthusiasm,  until  in  1886  many  intelligent 
people,  who  had  hitherto  believed  in  the  project,  became  doubtful  as  to 
its  success.  This  feeling  spread,  and  became  general  in  1887,  when  it 
was  shown  conclusively  that  about  8150  000  000  had  been  expended, 
and  less  than  one-fifth  the  total  amount  of  excavation  had  been  com- 
jileted,  and  that  the  com^iany  could  raise  no  more  money  except  at 
ruinous  discount. 

To  meet  this  state  of  affairs  the  plans  were  changed  provisionally  to 
a  lock  canal,  with  locks  to  be  gradually  lowered  to  sea  level  after  the 
canal  was  opened.  This  change  very  materially  reduced  the  amount  of 
excavation  yet  to  be  done,  and  was  not  without  its  effect  in  restoring 
confidence  in  some  quarters. 

This  effect,  however,  soon  wore  off,  and  after  a  series  of  desperate 
financial  moves  to  raise  money  last  summer — among  others  a  grand 
lottery  scheme — the  failure  of  the  company  to  float  an  additional  issue 
of  bonds,  even  at  a  ruinous  discount,  gave  the  project  its  death  blow, 
and  after  a  few  months  of  unavailing  struggles,  it  collapsed  finally  and 
comjiletely  during  the  past  winter,  with  obligations  amounting  to  over 
S450  000  000,  and  after  having  spent  some  §250  000  000  in  hard  cash  in 
the  removal  of  some  50  000  000  cubic  meters  of  material,  about  one-third 
the  total  amount.  The  laborers  employed  on  the  work  have  been  sent 
home  by  their  respective  governments,  and  the  Panama  Canal  is  a 
thing  of  the  past. 

As  an  engineering  work  it  has  not  been  especially  interesting,  none 
of  the  really  serious  engineering  problems  connected  with  its  comi:)letion 
having  been  touched  as  yet. 

It  is  interesting,  however,  as  showing  the  blind  infatuation  with 
which  the  ijise  dixit  of  one  man  may  be  followed  in  the  face  of  all  facts 
and  experience,  and  the  results  of  beginning  a  great  work  without  suffi- 
cient or  accurate  information. 

It  may  be  taken  for  granted  that  the  Panama  Canal  will  never  be 
completed. 

Delaware- Chesapeake  Canal. — During  1879-82  the   Government  sur- 
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vejed  three  principal  routes  for  a  ship  canal  to  connect  the  Chesapeake 
and  Delaware  Bays,  and  since  then  the  project  has  been  more  or  less 
prominently  before  the  ptiblic,  and  a  company  was  formed  to  construct 
the  canal,  but  as  yet  no  work  has  been  done. 

Of  the  three  routes  surveyed,  the  one  known  as  the  Sassafras  is  the 
favorite. 

The  length  of  the  canal  by  this  route  is  30  miles  from  bay  to  bay,  of 
which  distance  14  miles  will  be  obtained  by  deepening  and  widening 
streams,  and  the  remaining  16  miles  will  be  thorough  cut. 

The  propossd  section  of  the  canal  is:  bottom  width,  90  feet;  surface 
width,  171  feet;  depth,  27  feet. 

No  locks  except  tidal  locks.  The  cost  is  variously  estimated  at  from 
^6  500  000  to  Sll  500  000,  and  the  time  for  completion  is  put  at  four 
years. 

The  canal  would  save  215  miles  between  Baltimore  and  New  York 
and  other  Eastern  and  European  ports,  and  286  miles  between  Baltimore 
and  Philadelphia. 

It  is  anticipated  that  the  canal  would  attract  at  least  three-fourths  of 
the  tonnage  of  Baltimore,  or  from  5  000  000  to  10  000  000  tons. 

From  a  military  point  of  view  this  canal  would  be  of  great  import- 
ance. 

Niagara  Falls  Caiud. — Several  surveys  and  plans  for  a  ship  canal  from 
Lake  Erie  to  Lake  Ontario  have  been  made  within  the  past  thirty  years, 
and  two  powerful  causes  i^ush  the  project  to  the  front  every  now  and 
then:  1st,  The  very  natural  desire  to  have  a  canal  of  our  own  between 
those  lakes;  and  2d,  the  fact  that  the  Welland  Canal,  with  its  14  feet 
depth,  is  not  deej?  eijough  to  accommodate  modern  lake  traffic,  a  fact 
which  will  be  doubly  emphasized  when  the  improvements  at  St.  Mary's 
and  St.  Clair  have  b?en  completed  and  a  depth  of  20  feet  obtained. 

A  recent  project  is  for  a  canal  20  feet  deep,  to  accommodate  vessels 
of  3  000  tons.  The  length  is  about  25  miles  and  the  estimated  cost 
$18  000  000.  An  alternative  route  of  18  miles  would  cost  about 
$1  000  000  more. 

This  canal  seems  more  than  likely  to  become  an  accomplished  fact 
in  the  not  distant  future. 

Florida  Canal. — The  project  for  a  ship  canal  across  Florida  has  been 
more  or  less  continuously  agitated  during  the  past  ten  years  or  more, 
and  in  1883-84  it  looked  as  if  the  work  would  be  actually  undertaken. 
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A  charter  was  obtained,  a  company  organized  and  surveys  made,  but 
nothing  came  of  it. 

Starting  from  the  St.  John's  River,  just  above  Jacksonville,  the 
canal  would  cut  across  to  the  Suwanee  River,  on  the  Gulf  Coast.  Its 
total  length  would  be  137i  miles,  the  deepest  cut  143  feet  for  a  short 
distance,  and  the  proposed  dimensions  were  a  width  of  230  feet  and  a 
depth  of  30  feet,  sufficient  to  permit  3  000-ton  vessels  to  pass  without 
sidings.  It  was  expected  the  canal  could  be  completed  in  three  years, 
and  the  estimated  cost  was  ^46  000  000. 

The  canal  would  enable  vessels  to  avoid  the  navigation  of  the  Strait 
of  Florida,  and  would  save  in  distance 

Between  New  York  and  New  Orleans 500  miles. 

Pensacola 600      " 

"        New  Orleans  and  Liverpool. .    412      " 

Delaware-New  York  Bay  Canal. — This  project  contemplates  the 
enlargement  of  the  Delaware  and  Raritan  Canal  sufficiently  to  permit 
its  use  by  large  vessels. 

This  canal,  with  the  Cape  Cod  Canal,  the  canal  from  the  Delaware  to 
Chesapeake  Bay,  and  the  Dismal  Swamp  Canal,  would  form  a  grand 
system  of  inland  navigation,  which  would  oft'er  an  almost  air  line  route 
to  the  coasting  trade  between  Boston,  New  York,  Philadelphia,  Balti- 
more, Norfolk  and  the  Carolina  Sounds. 

Such  a  system  of  navigation  could  not  be  duplicated  in  either  hemi- 
sphere, nor  its  commercial  and  military  importance  be  overestimated. 

The  military  advantages  of  this  project  have  recently  been  made  the 
subject  of  a  very  instructive  rej^ort  by  Admiral  Luce,  U.  S.  N. ,  in  which 
he  points  out  the  facilities  such  a  canal  would  offer  for  the  rapid  con- 
centration of  war  vessels  at  any  point,  either  for  attack  or  defense,  and 
the  complete  bar  it  would  i^resent  to  any  effectual  blockade  of  any  of 
our  great  bays  or  ports. 

Other  home  projects,  comprising  some  in  the  earliest  embryo  stage, 
some  of  inconsiderable  importance,  and  some  in  regard  to  which  it  has 
been  impossible  to  learn  more  than  the  name,  are  as  follows : 

Lake  Borgne  Canal. — From  Lake  Borgne  to  the  Mississippi  River; 
length,  12  miles;  length  of  locks,  350  feet;  estimated  cost,  -SiSO  000. 
Will  save  coast  trade  east  of  New  Orleans  a  voyage  of  265  miles. 

St.  Clair-Lake  Erie. — From  Lake  St.  Clair  to  Lake  Erie,  Canadian 
territory. 

Cincinnati- Lake  Erie. — Two  routes  proposed — one  from  Cincinnati 
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to  Toledo,  and  one  via  Zauesville  to  Cleveland.     Preliminary  estimate 
of  cost  of  enlarging  present  canals  about  ^28  000  000. 

Fresno-San  Joaquin  River. — Surveys  said  to  have  been  made,  and 
the  canal  is  to  be  of  size  to  permit  stern  wheel  steamers  to  run  through 
from  San  Francisco.     Estimated  cost  S3  000  000. 

Lower  Michigan. — From  Saugatuck  to  Detroit  via  Kalamazoo  River; 
length  about  178  miles;  width,  112  feet  on  the  surface,  80  feet  on  the 
bottom;  depth  sufficient  to  accommodate  vessels  of  1  500  tons;  six  to 
eight  locks.  The  canal  would  give  an  almost  air  line  route  from  Chicago 
to  New  York,  saving  several  hundred  miles. 

Upper  Michigan. — The  project  for  this  canal  is  undoubtedly  the  out- 
growth of  the  crowding  of  the  St.  Mary's  Canal  by  the  rapidly  increas- 
ing lake  commerce. 

The  proposed  route  is  from  Bay  Autrain,  on  Lake  Superior,  to  Little 
Bay  de  Noquet,  on  Lake  Michigan.  Length,  36  miles;  two  locks;  esti- 
mated cost  about  $5  000  000,  or  a  little  more  than  the  estimated  cost  of 
the  proposed  improvements  at  St.  Mary's.  The  distance  between  Duluth 
and  Chicago  would  be  reduced  271  miles. 

Lake  Erie-Ohio  River. — This  is  a  project  to  obtain  a  deep  water 
navigation  from  the  Great  Lakfts  to  the  Gulf  of  Mexico.  The  probable 
route  would  be  from  Beaver,  on  the  Ohio,  28  miles  below  Pittsburgh,  via 
Newcastle  and  Conneaut  Lake  to  Erie,  Pa.  Distance,  136' miles;  summit, 
416  feet  above  the  Ohio  and  509  feet  above  Lake  Erie. 

Harcourt  divides  ship  canals  into  three  principal  classes,  and  one 
supplementary  class,  viz. : 

First. — Ship  canals  with  locks  and  a  summit  level. 

Second. — Shij)  canals  passing  through  low-lying  districts,  and  with 
only  a  regulating  lock  at  each  end. 

Third. — Ship  canals  without  locks,  and  of  world-wide  importance. 

jPourtfi. — Ship  canals  from  inland  ports  to  the  sea,  and  lateral  ship 
canals  in  place  of  river  navigation. 

In  an  engineering  sense  the  division  into  canals  with  locks  and  those 
without  locks  would  seem  to  be  a  sufficient  refinement. 

A  classification  based  upon  the  causes  which  lead  to  the  inception 
and  execution  of  such  canals  suggests  itself,  viz. : 

Commercial  Canals,  originating  in  the  demand  of  cities  or  regions, 
unfavorably  situated  by  nature,  for  an  outlet  for  their  products;  or  in 
the  struggle  between  rival  cities  or  states  for  commercial  precedence 
or  perhaps  even  existence,  as  the  Manchester,  St.  Mary's  and  Amster- 
dam canals. 

Military  Canah,  originating  in  a  nation's  military  and  strategic  exi- 
gencies or  ambitions,  as  the  Holstein  Canal. 
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Interocean  Canals,  originating  in  the  imperative  demands  of  the  com- 
merce of  the  -world,  as  the  Suez  and  Nicaragua  Canals. 

Commercial  canals  may,  by  force  of  circumstances,  become  of  tem- 
porary strategic  importance,  and  military  canals  are  certain  to  be  of 
more  or  less  commercial  utility. 

Interocean  canals  are  the  highest  class.  Aiding  no  one  nation  at  the 
expense  of  another,  they  benefit  every  country  that  owns  a  ship. 

Naturally  in  time  of  misunderstanding  they  become  of  inestimable 
strategic  value  to  that  nation  that  can  control  one  of  them.  There  are 
but  two  locations  for  such  canals — one  in  each  hemisphere,  Suez  and 
Nicaragua;  one  is  completed,  the  other  in  course  of  construction. 

After  making  all  allowance  for  the  fashion  set  by  the  completion  of 
the  Suez  Canal,  and  the  added  impetus  given  by  the  commencement  of 
the  Panama  Canal,  eight  years  ago,  to  all  kinds  of  projects  for  ship 
canals,  many  of  which  the  recent  catastrophe  at  Panama  will  cause  to 
drop  out  of  sight,  we  may  safely  say  that  the  ship  canal  has  come  to 
stay  and  to  become  a  powerful  commercial  and  ijolitical  factor.  The 
next  few  decades  are  certain  to  see  wonderful  results  in  that  direction. 

The  completion  of  the  Nicaragua  Canal  will  leave  no  more  worlds  to 
con(iuer  in  the  class  of  interocean  canals.  The  universal  impetus  it 
will  give  to  commerce,  together  with  the  already  active  tendency  in  the 
direction  of  ship  canals  to  give  inland  ports  a  direct  and  unobstructed 
communication  with  the  sea,  will  probably  for  a  time  concentrate  the 
activity  in  ship  canal  construction  to  works  of  that  class. 

The  completion  of  many  of  these,  and  the  continued  growth  of  ocean 
commerce  and  its  ever-increasing  demand  for  shorter  routes,  will  then 
result  in  the  construction  of  canals  of  the  character  of  the  Corinth, 
Italian,  Isthmus  of  Malacca,  and  Delaware-New  York  Bay  canals,  until 
every  sea  and  ocean  route  will  have  been  reduced  to  its  minimum 
length.  And  though  we  may  hardly  expect  to  reach  the  state  which 
recent  astronomical  observations  are  said  to  have  shown  upon  our 
neighbor  Mars,  where  a  perfect  network  of  canals,  from  30  to  80  miles 
wide  and  some  of  them  1  000  miles  long,  appears  to  traverse  the  planet 
in  every  direction,  it  perhaps  is  not  too  wild  a  flight  to  anticipate  the 
time  when  every  maritime  nation  of  imj^ortance  will  have,  as  one  of  its 
most  important  adjuncts  of  military  oifense  and  defense,  a  ship  canal, 
for  the  rapid  concentration  of  its  huge  floating  fortresses  at  different 
parts  of  its  coast. 
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THE  VICKSBURG  SETTLING  BASINS. 


By  Clarence  DEiiAFiELD,  M.  Am.  Soc.  C.  E. 


Vicksburg,  Miss.,  has  always  been  considered  a  difficult  jioint  to 
supply  with  water,  and,  being  called  upon  to  design  and  construct 
works  for  this  place,  it  became  necessary  to  make  a  careful  study  of 
the  sources  from  which  the  supply  could  be  secured.  By  careful 
borings  I  ascertained  that  water  could  not  be  obtained  from  subter- 
ranean sources  at  any  reasonable  expense. 

Centennial  Lake,  the  original  river,  now  cut  oflf  by  a  wash-out,  is  the 
receptacle  of  the  drainage  not  only  of  the  City  of  Yicksburg,  but  also 
of  a  large  area  of  swamp,  and  is  unfit  for  use. 

The  only  source  of  supjily  remaining  was  the  Mississippi  River. 
This  turbid  water  is  thoroughly  enjoyed  l)y  those  who  are  accustomed  to 
it,  and  its  muddy  appearance  seems  to  otfend  none  of  the  old  citizens 
of  the  many  cities  and  towns  consuming  it;  but  to  those  unfamiliar  with 
its  use,  the  appearance  of  the  liquid  is  disgusting,  and  a  clear,  bright 
water  is  insisted  upon. 

The  different  conditions  existing  in  the  Mississippi  River  demand 
thoughtful  care  in  selecting  the  proper  treatment  to  meet  the  require- 
ment of  clear  water. 
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When  the  river  is  low,  aud  the  current  has  little  velocity,  the  amount 
of  material  held  in  suspension  is  verv  small,  but  in  high  stages  of  the 
river,  when  the  banks  are  constantly  caving,  the  quantity  of  solids  car- 
ried by  the  stream  is  greatly  increased.  Through  the  kindness  of 
Colonel  L.  H.  Gardner,  Superintendent  of  Water  Works,  New  Orleans, 
La.,  I  am  enabled  to  give  the  result  of  tests  made  by  him  for  thirty- 
nine  weeks  during  the  past  year.  The  table  exhibits  the  amount  of  solids 
in  suspension  in  the  Mississippi  Kiver  water,  expressed  in  grains  jjer 
gallon : 


Week. 

Grains, 
Per  Gallon. 

Week. 

Grains, 
Per  Gallon. 

Week. 

Grains, 
Per  Gallon. 

Week. 

Grains, 
Per  Gallon, 

1 

1688 

11 

88 

21 

108 

31 

33 

2 

297 

12 

51 

22 

83 

32 

79 

3 

74 

13 

137 

23 

164 

33 

140 

4 

53 

14 

183 

24 

173 

34 

80 

5 

164 

15 

159 

25 

87 

35 

120 

G 

1650 

16 

193 

26 

80 

36 

73 

7 

60 

17     . 

178 

27 

77 

37 

34 

8 

100 

18 

166 

28 

34 

38 

13 

9 

162 

19 

75 

29 

19 

39 

45 

10 

104 

20 

201 

30 

14 

These  figures  show  the  wide  fluctuations  which  exist  in  the  amount 
of  solids  carried  by  the  stream,  and  give  a  fair  idea  of  the  ever-changing 
conditions  to  be  contended  with. 

If  this  water  is  allowed  to  stand  at  rest  in  a  glass,  the  sand  and 
coarse  particles  are  almost  immediately  deposited,  the  larger  part  (by 
weight)  of  the  suspended  matter  being  precipitated  in  one  day,  leaving 
a  certain  depth  at  the  surface  fairly  clear.  The  second  day  the  water  is 
clear  to  a  greater  depth,  and  in  from  four  to  ten  days  most  of  the  sus- 
pended matter  has  been  deposited.  What  remains  is  such  an  impalpable 
powder  that  it  continues  in  susj^ension  for  a  period  far  beyond  any  ex- 
periments I  have  made;  it  is,  however,  readily  removed  by  a  filter. 

But  another  condition  exists  in  the  lower  Mississiijpi  Eiver,  that  is,  a 
stain  caused  by  the  overflow  of  swamps  during  floods  at  periods  of  high 
water.  This  matter  is  in  solution,  and  cannot  be  removed  by  filtration 
unless  jjreviously  treated  by  chemicals. 

With  these  conditions,  it  is  evident  that  to  remove  the  matter  in 
suspension,  the  water  must  be  at  rest,  and  that  the  finest  i^artieles  can 
only  be  taken  out  by  filtration. 
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Basins  that  would  ijermit  the  constant  inflow  and  outflow  of  water 
for  daily  use,  with  a  minimum  of  disturbance,  were  desirable,  and  to 
accomplish  this  result  I  designed  the  works  illustrated  in  the  accom- 
jjanying  plan,  Plate  XXVIII. 

The  water  is  pumped  directly  from  the  river  into  the  influent  basin; 
from  here  it  passes  through  seep-holes  in  Dividing  Wall  A,  into  Set- 
tling Basin  No.  1,  in  slow,  divided  streams,  without  any  tendency  to 
produce  circular  currents  or  eddies.  In  Basin  No.  1  by  far  the  largest 
part  of  the  sedimentation  takes  jalace,  and  the  motion  of  the  water  is 
very  slight. 

To  introduce  the  water  into  Basin  No.  2  with  the  least  jjossible  dis- 
turbance, it  is  carried  over  the  top  of  Dividing  Wall  B  for  its  fiill 
length,  drawing  only  the  clearest  surface  water,  and  is  then  conveyed 
by  interior  passages  to  within  3  feet  of  the  bottom  of  Basin  No.  2. 
This  thin  stream,  when  delivering  a  million  gallons  of  water  per  diem, 
flows  at  the  rate  of  one-eighth  gallon  per  second  per  lineal  foot  of  wall, 
and  the  discolored  water  passing  from  Basin  No.  1  to  No.  2  has  not 
suflScient  current  to  raise  much  of  the  matter  still  held  in  suspension — 
hence  the  surface  of  the  water  is  fairly  clear. 

To  remove  the  slight  cloud  remaining,  the  water  passes  over  the  top 
of  Wall  G  into  Basin  No.  3,  then  through  the  sand  filter  B  into  clear 
water  basin  No.  4. 

The  apertures  in  the  filter  are  4^  inches  wide,  and  of  sufficient  height 
to  allow  the  sand  a  slope  of  at  least  three  to  one,  this  height  varying 
with  the  thickness  of  the  walls;  the  current  is  so  slight  that  no  wash  or 
disturbance  of  the  sand  takes  place. 

When  the  sand  is  fouled  by  continued  use,  it  can  readily  be  re- 
moved by  washing  it  out  of  these  apertures  by  a  hose  into  Basin  No.  3, 
and  then  the  filter  can  be  replenished  with  clean  sand  at  the  top.  It 
will  be  remembered  that  this  filter  has  but  a  slight  duty  to  perform,  as 
the  amount  of  matter  to  be  removed  is  infinitesimal. 

Ordinarily,  the  water  is  now  found  clear  and  admirable  for  use,  but 
at  times,  when  the  stain  of  the  swamps  is  in  solution,  a  small  amount  of 
either  alum  or  perchloride  of  iron  is  found  necessary  to  convert  it  into 
a  form  which  can  be  removed  by  precipitation  or  filtration.  A  solution 
of  alum  is  now  used,  which  is  introduced  in  absolute  qiiantity  from  a 
tank  connected  by  a  pipe  to  the  suction  main  of  vertical  pumj^s,  thus 
intimately  mixing  it  with  the  entire   body  of  water,  and  presenting 
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every  portion  to  its  chemical  action.  The  result  is  absolutely  clear 
water. 

The  percentage  of  alum  used  is  aboiit  one  grain  to  the  gallon,  and  it 
is  entirely  inert  and  harmless,  even  if  not  doing  its  j^roper  duty. 

The  perchloride  of  iron  is  more  energetic  aud  has  the  effect  of  pre- 
cipitating all  matter  in  sus])ension  within  forty-eight  to  sixty  hours, 
an-d  is  valuable  in  allowing  a  diminished  area  of  settling  basin,  and 
leaving  less  duty  for  the  filter.  To  those  who  have  used  filters  this 
feature  will  be  highly  appreciated,  as  many  a  filter  gets  credit  for  the 
duty  already  performed  by  alum  or  perchloride  of  iron. 

For  the  removal  of  matter  deposited,  I  have  designed  the  bottom  of 
Settling  Basin  No.  1  with  five  valleys,  each  ending  in  a  10-inch  outlet 
pipe  closed  by  a  gate.  Basin  No.  2  having  but  a  slight  deposit  of  very 
light  material,  has  but  one  valley,  with  corresponding  outlet  pipe  and 
gate.  Basins  Nos.  3  and  4,  as  a  matter  of  i)recaution,  and  to  wash  out 
fouled  filtering  material,  are  each  provided  with  an  outlet  and  gate. 

These  oiitlet  or  drain  pipes  join  one  main  sewer  and  empty  into  the 
river  at  a  jioint  down  stream  from  the  intake.  For  the  purpose  of  re- 
moving the  material  deposited,  a  hose  is  attached  to  the  force  main  to 
stand  pipe,  and  with  water  under  a  pressure  of  90  pounds,  the  deposit 
is  rajiidly  removed  to  and  through  the  drain  pipes,  and  at  small  cost. 

As  it  will  take  some  years  of  use  to  determine  the  rate  of  deposit, 
and  as  the  filter,  with  its  small  duty  of  removing  inert,  inorganic 
matter,  will  only  be  renewed  at  long  intervals,  it  is  diflicult  to  estimate 
the  cost  of  operating  the  settling  basins  and  filter  in  relation  to  the 
amount  of  water  pumped.  I  believe  it  will  be  small  as  compared  with 
the  cost  of  the  large  amount  of  water  used  in  cleansing  the  ordinary 
filters,  and  the  increased  coal  bills  incurred  in  obtaining  the  additional 
pressure  required  to  pump  through  the  obstruction  offered  by  such 
filters. 

These  works  have  now  been  in  use  for  several  months,  aud  the 
water  delivered  to  consumers  is  giving  perfect  satisfaction ;  it  is  the  first 
adaptation  of  well  known  ideas  as  to  settling  basins  and  filtration  direct. 

The  cost  of  the  plant  is  about  $17  500,  but  of  course  on  a  larger 
scale  would  be  much  less  proportionately;  it  is  asking  too  much  of  fil- 
tration alone  to  produce  the  same  result  as  economically. 

The  fundamental  principles  of  this  design  are,  first,  to  avoid  circular 
or  direct  currents  of  any  velocity,  or  at  least  to  reduce  the  same  to  a 
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minimum;  second,  to  carry  the  surface  water,  as  being  the  clearest, 
from  one  basin  to  that  next  adjacent;  third,  to  lead  the  water  from  one 
basin  to  the  lower  i^ortion  of  the  next,  where,  on  account  of  the  absence 
of  currents,  the  suspended  matter  would  have  no  tendency  to  rise,  thus 
leaving  the  sujjerficial  water  clear  to  pass  into  the  next  basin. 

A  fence  was  erected,  inclosing  the  basins,  in  order  to  prevent  any 
'disturbance  of  the  water  by  wave  action  and  currents  caused  by  the 
wind. 

I  would  advise,  in  any  future  constructions,  the  use  of  a  permanent 
system  of  piping,  with  numerous  outlets  of  small  aperture,  directed 
toward  the  drain  pipes,  for  the  purpose  of  washing  the  deposited  mud 
from  the  basins  and  the  fouled  sand  from  the  filter.  These  inpes,  being 
attached  to  the  main  system  of  water  supply,  and  under  that  pressure, 
would  rapidly  do  the  work  required,  carrying  the  silt  and  sand  into  the 
river.  This  would  unquestionably  save  labor  in  cleaning  the  basins,  at 
the  cost  of  pumping  the  amount  of  water  required.  Coal  used  in  making 
steam  for  power  is  undoubtedly  cheaper  than  the  labor  of  man. 

Objection  may  be  made  that  puddle  was  not  used  instead  of  brick 
walls  in  this  design.  The  answer  is  that  a  puddle  clay  could  not  be  found 
in  the  locality,  as  all  clays  in  the  neighborhood  contain  a  large  percent- 
age of  sand,  rendering  them  pervious  and  unfit. 

Slopes  covered  with  brick  or  beton  I  have  always  found  uncertain 
and  difficult  to  render  water-tight;  they  also  retain  a  large  proi>ortion 
of  the  dejDOsited  material;  for  these  reasons  I  have  preferred  lirick 
walls. 

A  limited  experience  demonstrates  that  these  basins  easily  give 
500  000  to  600  000  gallons  clear  water,  pumping  only  ten  hours  per  diem, 
and  I  believe  their  capacity  for  twenty-four  hours'  use  per  diem  to  be 
over  one  million  gallons. 

As  the  average  amount  of  material  carried  in  suspension  is  about 
186  grains  per  gallon,  I  estimate  the  deposit  at  265  ciibic  feet  per  mill- 
ion gallons,  or  38  million  gallons  per  foot  in  depth  of  deposit  in  Settling 
Basin  No.  1;  hence,  cleaning  the  basins  once  each  month  will  be  suffi- 
cient, and  this  can  easily  l^e  done  during  a  night. 
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MAXIMUM  EATES  OF  RAINFALL. 


By  Desmond  FitzGerald,  M.  Am.  Soc.  C.  E. 


The  diagrams  accompanyiug  this  paper  show  the  principal  maximum 
rates  of  rainfall  at  Chestnut  Hill  Reservoir,  Boston,  between  the  years 
1879-89,     (Plates  XXIX,  XXX,  XXXI,  XXXII,  XXXIII.) 

Previous  to  this  time  the  observations  were  of  the  ordinary  kind, 
viz.,  those  taken  from  a  simple  rain  gauge  which  was  weighed  after  each 
storm.  The  writer  had  been  impressed  for  some  years  with  the  import- 
ance of  possessing  an  automatic  and  continuous  record,  but  none  of  the 
gauges  upon  the  market  seemed  to  possess  all  the  qualities  which  were 
desirable  ;  accordingly,  a  gauge  was  designed  and  built  in  1878  to  plot  a 
profile  of  all  rains,  and  the  following  diagrams  are  tracings  made  directly 
from  the  record  sheets  of  this  gauge.  It  will  be  noticed  that  the  vertical 
scale  is  2  inches  of  paper  to  1  inch  of  rainfall.  The  scale  was  doubled  in 
this  manner  to  admit  of  close  aj^pi'oximatious  to  hundredths  of  an  inch 
in  readings  by  the  eye.  The  horizontal  scale  of  hours  gives  an  inch  of 
paper  to  the  hour.  The  cylinder  on  which  the  sheets  are  wrapped  is 
sufficiently  large  to  record  6  inches  of  rainfall,  but  larger  amounts  can 
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easily  be  plotted  by  drawing  oflf  the  water  from  the  receiving  tank.  A 
description  of  the  gange  has  already  been  printed  in  Engineering  News, 
May  31st,  1884.- 

The  figures  on  the  margins  of  the  diagrams  give  in  each  case  the 
total  rainfall,  as  recorded  by  a  standard  gauge,  placed  with  its  rim  one 
foot  above  the  ground.  The  time  of  the  beginning  and  ending  of  the 
rain  is  given,  the  time  of  beginning  aud  ending  of  the  "  down  pour,"  and 
also  the  proper  correction  for  the  elevated  gauge  due  to  its  height  above 
the  ground.  It  is  already  a  well-established  fact  that  the  higher  we  rise 
above  the  ground  the  less  rain  we  can  collect,  unless  special  construction 
is  resorted  to.  This  result  is  probably  due  to  the  fact  that  the  velocity 
of  the  wind  increases  from  the  surface  upwards  so  materially  as  to  aflfect 
the  amounts  collected.  The  receiver  of  the  self-recording  gauge  being 
placed  on  the  roof  of  a  small  building  about  25  feet  above  the  ground, 
it  becomes  necessary  to  make  the  proper  correction  for  altittide,  which 
is  done  by  taking  the  ratio  of  each  storm  in  the  upper  gauge  to  that  in 
the  ground  gauge  and  applying  this  percentage  to  any  particular  portion 
of  the  storm.  Generally  the  down  pour  portion  of  the  storms  only  is 
given,  as,  for  our  particular  purpose,  it  is  desirable  simply  to  show  the 
maximum  rates. 

As  the  question  of  the  j)roper  sizes  for  sewers  has  recently  been  oecu- 
pyiug  the  attention  of  the  Society,  these  maximum  rates  have  been 
selected  from  the  records  of  the  past  ten  years  in  the  hope  that  they  may 
be  of  service  as  an  index  of  what  may  be  expected  in  the  vicinity  of 
Boston. 

These  storms  are  not  necessarily  those  which  have  given  the  greatest 
amounts  of  rainfall,  or  caused  the  most  wide-spread  damage.  This  class 
of  rains,  as  far  as  applicable  to  drainage  areas  of  any  extent,  is  generally 
spread  over  several  days,  and  may  not  give  a  large  rate  per  hour  at  any 
portion  of  its  profile. 

In  examining  the  diagrams,  it  will  be  noticed  that  the  rain  whick 
gave  the  most  vertical  profile,  and  consequently  the  greatest  maximum 
rate,  occurred  on  July  18th,  1884,  and  yielded  at  the  level  of  the  ground 
0.70  inches  in  five  minutes.  (Plate  XXXI.)  The  rain  literally  fell  in  a 
flood,  but  its  duration  was  short,  and  it  was  a  local  shower,  probably 
confined  to  an  area  of  a  few  hundred  acres.  This  fall,  which  is  at  the 
rate  of  8.4  inches  per  hour,  might  almost  be  doubted,  but  it  has  also 
been  observed  elsewhere. 
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A  rate  of  9.6  inches  per  hour,  lasting  for  six  minutes,  has  been  recorded 
in  Washington,  D.  C. 

The  rain  of  July  20tli,  1880  (Plate  XXX),  yielded  1.46  inches  in 
forty  minutes. 

The  storm  of  August  21st,  1888,  recorded  on  Plate  XXXIII,  was 
remarkable,  extending,  as  it  did,  over  a  wide  area,  and  yielding  3.22 
inches  in  three  hours  and  twenty  minutes.  Near  the  end  of  this  storm 
it  rained  0.85  inches  in  twenty -two  minutes,  which  is  at  the  rate  of  2.3 
inches  per  hour. 

During  some  of  the  winter  months  the  self- recording  gauge  has  not 
been  in  use,  and  from  this  cause  the  interesting  rain  of  February  10th 
to  lith,  1886,  escaped  the  record.  The  exiJerience  of  the  writer  on 
the  Boston  "Water  Works  covers  the  period  1873-89,  and  during  this 
time  there  have  been  but  two  great  freshets  at  the  sources  of  supply. 
Although  foreign  to  the  immediate  purpose  of  this  paper,  a  few  words 
in  regard  to  these  two  storms  may  not  be  out  of  place.  The  second  of 
these  was  the  one  above  alluded  to.  The  first  took  place  in  March,  1876. 
There  was  a  considerable  amount  of  snow  upon  the  ground,  and  on  this 
snow  a  warm  rain  of  2.27  inches  fell  on  March  21st,  1876. 

This  caused  a  freshet,  but  was  farther  reinforced  on  March  25th  by 
another  rain  of  3.20  inches,  which  carried  the  flow  of  the  Sudbury  Eiver 
up  to  a  maximum  rate  for  a  fraction  of  a  day  of  nearly  two  thousand 
million  gallons  in  twenty-four  hours  (drainage  area,  76  square  miles.) 

The  following  is  an  abstract  from  a  report  by  the  writer  to  the  Bos- 
ton Water  Board  upon  the  other  freshet  of  1886  : 

"  On  February  10th  there  was  quite  a  body  of  snow  upon  the  ground, 
probably  equivalent  to  2  inches  of  rainfall.  At  7  p.m.  on  the  above  day 
rain  began  to  fall  and  continued  until  noon  of  the  13th.  The  total  rain- 
fall upon  the  Sudbur}-  River  water-shed  was  4.64  inches,  but  adding  the 
snow  on  the  ground  would  increase  this  amount  to  over  6  inches.  The 
greatest  freshet  that  I  have  ever  seen  on  the  works  followed.  The  snow 
melted  but  slowly  at  first,  or  the  flow  of  the  streams  would  have  been 
even  larger  than  it  was.  On  the  13th  the  yield  of  the  river  was  very 
nearly  2  000  000  000  gallons  in  twenty-four  hours.  The  maximum 
rate  of  yield  was  from  7  a.m  to  12  m.  of  the  13th,  and  was  at  the 
rate  of  2  136  000  000  gallons  in  twenty-four  hours.  The  total  yield  of 
the  76  square  miles  from  the  11th  to  the  18th  inclusive  was  6  505  000  000 
gallons.     The  weather  during  the  freshet  was  mild  and  the  snow  was  all 
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melted  from  the   ground.      The  following  shows  the  yield  for  each 

day: 

February  11th 149  600  000  gallons. 

12th 918  600  000 

13th 1  994  700  000 

14th 1  287  300  000 

15th 837  800  000 

16th 531  000  000 

17th 428  700  000 

18th 357  400  000 

Other  important  data  in  regard  to  this  storm  may  be  found  in  the 
report  of  the  Stony  Brook  Commission.  Emil  Kuichling,  M.  Am.  Soc. 
C.  E.,  in  a  recent  paper  before  the  Society,*  has  given  some  abstracts 
from  this  report,  and  it  will  be  unnecessary  to  repeat  the  data  here. 

Larger  rainfalls  than  these  two  cases  cited  have  often  occurred  dur- 
ing other  portions  of  the  year  when  the  evaporation  and  percolation 
have  jirevented  the  water  from  getting  to  the  streams,  but  they  have 
never  hapi^ened  to  occur  in  recent  years  on  the  Boston  Water  Works, 
when  the  ground  was  frozen,  or  when  there  was  an  accumulation  of 
snow,  but  in  designing  waste  weirs  and  channels,  it  is  evident  that  the 
engineer  must  i^rovide  for  just  this  contingency,  which  is  almost  certain 
to  occur  sooner  or  later. 

In  urban  districts  the  problem  is,  of  course,  a  different  one.  Here 
percolation  and  evaporation  may  not  enter  materially  into  the  question, 
but  it  is  extremely  necessary  for  the  engineer  to  have  some  data  like 
that  taken  from  self-recording  rain  gauges  to  guide  him  in  proportion- 
ing the  capacities  of  his  sewers.  Considering  the  importance  of  the  sub- 
ject, it  is  a  matter  of  considerable  wonder  that  more  of  these  gauges  are 
not  in  use. 

Certainly,  every  large  city  should  have  one  or  more,  properly  located 
and  in  competent  hands  for  maintenance.  Records  of  this  kind,  cover- 
ing long  periods,  will  prove  of  value  for  many  purposes  connected 
with  the  practice  of  the  engineer. 

*  Transactions,  Vol.  XX,  p.  1,    January,  1889. 
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4.68  inchea  in  10.1  honra. 
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Self  recording  roof  "       0.72  inches. 
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Kained  from  8.05  to  6.05  p.m.  June  ip.  1884. 
Standard  ground  gauge,  1.66  inoheg. 
Self  recording  roof  "       1.55  inohea. 

Heavy  downpour  began  2.07  p.m.  June  19.  1  Gronnd  gauge  1.43     ) 
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Rained  from  9.30  p.m.  Sept.  9  to  5.45A.M.  Sept.  10,  1888. 

Standard  ground  eange  1.35  inchea. 

Self  recording  roof  gauge  1.30    "              „         , 

Ground  gauge  1  29 
Heavy  downpour  began  1.30  A.M.Sept.  lOJ  Koof          "     1.24 
•                "       ended  4.40    "       "      "(             Katio     0.963 
1.29  inchea  in  3  hoars  &  10  minutes. 
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Rained  from  10.10  a.m.  Aug.  12  to  11.55  a.m.  Aug.  13,  1886. 
Standard  ground  gauge  1.73  inches. 
Self  recoiling  roof   '      1.53 

Ground  gauge  1.18 
HeavyDownpour  began  9.10a.m.  Aug.  13  ( Roof         "        104 
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THE    SIBLEY    BRIDGE 


By  O.  Chanute,  John  F.  WAiiLACE  aud 
W.  H.  Bkeithatjpt,  Members    Am.  Soc.  C.   E. 


INTRODU  CTION. 


By  O.  Chanute,  M.  Am.  Soc.  C.  E. 


The  bridge  over  tlie  Missouri  Eiver  at  Sibley,  Mo. ,  was  built  under 
an  act  of  Congress  whicli  became  a  law  July  3d,  1884,  and  wbieh  granted 
to  the  Kansas  City,  Topeka  and  "Western  Railroad  Company,  its 
assigns  and  successors,  the  alternative  of  either  building  a  low  bridge, 
with  spans  not  less  than  160  feet  in  the  clear,  or  a  high  bridge  with  spans 
of  not  less  than  300  feet  in  the  clear,  with,  in  the  latter  case,  the  lowest 
part  of  the  superstructure  at  least  50  feet  above  extreme  high  water 
mark. 

When,  in  December,  1886,  it  was  decided  to  extend  the  Atchison, 
Topeka  and  Santa  Fe  Railroad  from  Kansas  City  to  Chicago,  these  rights 
were  transferred  to  the  "Sibley  Bridge  Company;"  Mr.  A.  A.  Robinson, 
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M.  Am.  Soc.  C.  E.,  -was  appointed  Chief  Engineer,  and  the  writer  was 
made  Consulting.Engineer  in  charge  of  the  works. 

Previous  surveys  and  estimates  had  contemplated  a  low  bridge;  but 
the  more  complete  surveys,  which  were  begun  as  soon  as  it  was  decided 
to  build  the  bridge,  led  to  the  conviction  that  it  was  best  to  build  a  high 
bridge. 

It  was  found  that  the  Channel  in  the  vicinity  of  the  bridge  site  had 
shifted  some  1  100  feet  from  1878  to  1882,  and  some  700  feet  more  from 
1882  to  1886,  with  the  prospect  of  still  further  changes  in  the  near  future, 
so  that  not  only  would  the  low  bridge  entail  a  considerable  and  uncertain 
expenditure  for  controlling  the  channel  through  the  draw-bridge,  but  it 
would  have  been  far  less  favorable  for  navigation. 

It  was  therefore  decided  that  a  high  bridge  should  be  built,  and  the 
choice  lay  between  two  locations. 

The  upper  one  was  at  "Sibley  Point"  proper,  a  spur  of  hills  or 
bluffs  jutting  out  from  the  general  line  of  the  valley,  and  extending 
northerly  for  about  half  a  mile,  so  as  to  afford  supijorting  ground  for  an 
east  and  west  high  bridge  line. 

The  other  and  lower  location  was  at  what  is  known  as  the  "Sibley 
Reef,"  about  half  a  mile  below,  and  involved  crossing  in  a  north  and 
south  direction,  at  right  angles  with  the  general  trend  of  the  valley. 

It  would  have  been  much  preferred  to  locate  the  bridge  at  the  upper 
crossing.  Not  only  was  this  in  the  general  direction  of  the  road,  but  it' 
saved  nearly  a  mile  in  distance  and  required  far  less  curvature. 

The  objections  to  this  location  were  as  follows  : 

First. — It  was  at  the  uj)per  end  of  a  "bend"  in  the  river,  or  rather 
at  the  lower  end  of  a  "  crossing"  in  which  the  channel  of  the  river,  after 
imjjinging  against  one  shore,  crosses  its  bed  diagonally,  and  impinges 
against  the  other  shore.  At  such  i)oints  the  channel  is  proverbially  un- 
stable, and  changes  with  the  abrasion  of  the  shores,  so  that  a  greater 
number  of  high  through  spans,  under  which  boats  could  pass,  would 
have  been  required  than  at  the  other  and  more  stable  location. 

Second. — The  river  was  wider  at  the  upper  than  at  the  lower  loca- 
tion, requiring  a  bridge  2  550  feet  long,  as  against  a  bridge  2  000  feet 
long. 

Third. — The  bed  roc-k  was  at  greater  depth  at  the  upper  location; 
being  from  42  to  47  feet  below  the  low  water  datum,  as  against  30  to  40 
feet  at  the  lower  location. 
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These  facts  so  influeucod  the  cost  that  the  estimates  were  $1  109  700 
for  the  upper  crossing,  aud  $814  950  for  the  lower  or  "Sibley  Keef" 
crossing. 

The  latter  was  adoj^ted.  It  derives  its  name  from  a  reef  of  boulders 
which  stretches  nearly  half  way  across  the  river,  and  which  abuts  on  the 
south  or  bluff  side,  upon  the  remains  of  a  glacial  moraine,  the  only  one 
Avhicli  the  writer  knows  of  above  low  water  in  the  Missouri  River. 

The  surveys  and  borings  demonstrated  the  glacial  origin  of  this 
moraine  and  reef.  The  boulders  in  the  bank  and  in  the  bed  of  the  river 
largely  consisted  of  granite,  jjorphyry  and  metamorphic  sandstone, 
which  are  not  found  in  their  native  beds  any  where  within  three  hundred 
miles  of  the  bridge  site.  Indeed  it  is  believed  that  the  parent  rocks  are 
chieliy  found  near  Lake  Superior,  and  the  probabilities  are  that  these 
boulders  drifted  down  all  the  way  from  that  region  during  the  glacial 
period,  the  site  of  the  bridge  being  very  near  the  southern  line  of  the 
glacial  drift,  as  laid  down  upon  geological  maps. 

Where  the  bed  rock  under  the  river  was  reached  in  the  pneumatic 
caissons,  it  was  found  striated  and  streaked  with  the  shallow  grooves 
which  ai'e  generally  considered  the  marks  of  glacial  action,  and  all  the 
concurrent  circumstances  led  to  the  belief  that  the  valley  of  the  Missouri 
Kiver  had  been  chiefly  excavated  out  of  the  surrounding  bluflfs,  by  the 
slow  and  resistless  action  of  a  great  glacier,  bearing  upon  its  upper  sur- 
face the  boulders  which  had  been  deposited  in  the  moraine. 

The  cause  of  the  latter  deposit  becomes  apparent  by  the  inspection 
of  a  map  of  the  valley  in  this  vicinity.  It  is  seen  that  the  exact  location 
of  the  moraine  at  Sibley  Reef  was  the  heel  or  pivot  of  a  change  of  direc- 
tion in  the  glacier,  which  thus  left  a  quiet  corner  in  which  the  boulders 
in  transit  were  deposited.  This  is  confirmed  by  the  borings,  which 
disclose  the  fact  that  the  river  now  flows  over  the  shallowest  bed  rock 
to  be  foiind  between  the  two  bluflfs,  4^  miles  apart,  which  bound  the 
valley.  Half  way  between  these,  under  the  bottom  land,  the  bed  rock 
was  found  to  be  abraded  to  a  depth  of  55  and  60  feet  below  low  Avater, 
gradually  rising  thence  to  the  bridge  site,  where,  under  the  two  main 
piers  in  the  river,  it  was  but  30  feet  below  the  same  datum. 

The  borings  showed,  moreover,  that  at  the  bridge  site,  the  bed  rock, 
instead  of  being  covered  with  sand,  was  overlaid  with  8  to  10  feet  of 
blue  and  yellow  clays,  gradually  tajjering  out  toward  the  north  side, 
thus  indicating  that  after  the  glacier  had  ceased  its  excavating  action, 
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there  bad  been  a  still  pool  at  this  spot,  in  which  the  clays  had  been 
deposited;  their  upper  surface  having  subsequently  been  covered  by  the 
boulders,  swejit  down  from  the  glacial  moraine  by  the  action  of  the 
river,  so  that  it  seems  certain  that  the  current  at  this  point  has  never 
excavated  to  the  bed  rock,  as  so  frequently  happens  during  floods  at 
other  points  in  the  river. 

It  will  thus  be  seen  that  this  point  offered  exceptional  conditions  of 
security  for  the  foundations  of  bridge  piers  if  carried  down  to  bed  rock. 
All  anxiety  about  future  undermining  might  be  safely  dismissed,  and 
the  site  being  below  the  bend  in  the  river,  it  is  equally  certain  that  the 
channel  cannot  materially  change. 

The  only  drawback  was  that  the  boulders  and  clay  were  likely  to  in- 
crease the  cost  of  i3neumatic  excavation,  but  this  was  practically  offset 
by  the  shallower  depth. 

Akkangement  of  Spans. 

Comparative  estimates  were  made  of  various  arrangements  of  spans,. 

considering  the  cost  of  the  piers  and  of  the  superstructure,  and  it  was 

found  that  the  best  and  most  economical  arrangement  was  to  cover  the 

river,  which  is  here   1  200  feet  wide  at  low  water,  with  three  spans  of 

400  feet  each.     The  following  distribution  was  therefore  adopted,  the 

spans  and  j^iers  numbering  from  the  south   or  bluff  side,   toward  the 

north  side  of  the  river: 

Feet. 

One  shore  span — deck ;  Piers  1  to  2 200 

"    river       "        through ;  Piers  2  to  3 400 

"     3to4 400 

"  "  "  "     4to5 400 

"     sand  bar  span — deck;        "     5  to  6 250 

"     6to7 175 

"     7to8 175 

Total 2  000 

In  addition  to  which  an  iron  viaduct  was  built  over  the  bottom 
lands,  1  900  feet  long,  in  sj^ans  alternately  60  and  30  feet,  resting  iipon 
masonry  pedestal  piers,  and  there  was  added  also  a  temporary  wooden 
trestle,  resting  upon  piles  and  3  GOO  feet  long,  which  is  to  be  filled  in 
hereafter. 

The  flood  marks  of  1844  and  1881  Avore  pointed  out  by  local 
residents  upon  an  old  half  ruined  brick  house,  about  a  mile  above  the 
bridge  site.     These  proved  to  be  several  feet  higher  than  other  marks 
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adopted  by  the  United  States  Engineers  at  points  both  above  and  below; 
but  as  it  was  thought  best  to  ado^it  the  highest  water  marks,  as  under- 
stood at  the  point  of  location,  the  bottom  chord  of  the  through  spans 
was  pLxced  50  feet  above  the  high-water  mark  of  1844- 

It  will  be  noted  from  the  foregoing  description  that  there  are  thus 
but  two  piers  exposed  to  the  full  force  of  the  current  in  the  bed  of  the 
river  at  low  water.  These  are  placed  parallel  with  the  current,  the 
bridge  line  being  at  right  angles  thereto. 

Upon  the  completion  of  the  surveys  and  final  location,  plans  were 
duly  submitted  to  the  Secretary  of  War,  and  his  approval  was  obtained 
in  the  spring  of  1887. 

Chakactek  of  Foundations. 

The  bed  rock  in  the  Missouri  Kiver  has  generally  been  found  to  slope 
rapidly  from  one  side  to  the  other.  It  is  generally  found  abraded  to  a 
depth  of  20  to  30  feet  below  low  water  near  one  bank,  and  sloping  to 
a  depth  of  70  to  100  feet  near  the  other.  At  "  Sibley  Reef,"  however, 
in  consequence  of  the  formation  which  has  already  been  described,  and 
of  the  considerable  width  of  the  valley  at  this  point,  it  was  found 
practically  level  under  the  present  site  of  the  low-water  river,  and 
thence  sloiiing  north  gradually  for  3^  miles  to  a  depth  of  60  feet  below 
low  water.  Thence  it  rose  again  for  about  1  mile  to  the  bluffs  which 
form  the  northerly  boundary  of  the  valley.  A  line  of  borings  across 
the  bottom  lands  disclosed  the  fact  that  the  greatest  abrading  action  of 
the  glacier  had  occurred  towards  the  northern  side  of  the  valley,  the 
one  furthest  away  from  the  bridge  site. 

At  the  latter  j)oint  the  bed  rock  was  found  at  a  depth  of  30  feet 
below  low  water,  under  Pier  No.  2,  on  the  south  bank  of  the  river  at 
low  water.  Thence  it  ran  practically  level  for  1  200  feet  to  the  north 
bank  of  the  river,  under  Pier  No.  5,  at  which  it  was  31 . 5  feet  below  low- 
water.  Beyond  this  it  dipped  9  feet  in  425,  under  the  sand  bar,  to  the 
site  of  Pier  No.  7,  which  was  the  furthest  northerly  that  it  was  deemed 
best  to  carry  down  to  the  rock,  and  thence  the  bed  rock  continued 
dipping  under  the  bottom  lands. 

Across  the  river  the  bed  rock  was  found  covered — first,  with  a  thin 
stratum  of  fine  sand  or  gravel  not  more  than  2  feet  thick.  Above  this 
there  lay  beds  of  yellow  and  blue  clays,  gradually  tapering  from  the  south 
to   the   north   side,  and   covered   with   the   boulders  which   had   been 
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■whirled  down  from  tlie  glacial  moraine,  and  these  boulders  tapered 
from  a  thickness  of  some  20  feet  at  Pier  No.  2,  to  a  thickness  of  7  or  8 
feet  at  Pier  No.  5,  thus  acting  practically  as  a  continuous  bed  of 
rip-rajj  around  the  river  piers.  Above  this  again  there  lay  at  low  water 
the  ordinary  sand  and  silt  of  the  Missouri  Kiver,  which,  as  is  well 
known,  is  frequently  swept  away  at  high  water. 

In  order  that  no  question  should  ever  arise  concerning  the  stability 
of  the  foundations,  it  was  decided  to  carry  down  to  bed  rock,  by  the 
pneumatic  method,  the  two  piers  in  the  bed  of  the  river,  and  three  out 
of  the  foiir  across  the  sand  bar — that  is  to  say,  Piers  Nos.  3,  4,  5,  6 
and  7. 

Pier  No.  1,  or  the  south  abutment,  being  located  well  inland,  was 
founded  upon  the  yellow  clay  or  silt  composing  the  bhiflf.  Pier  No.  2, 
at  the  low-water  southerly  edge  of  the  river,  was  foiinded  upon  a  mass 
of  boulders  20  feet  thick,  underlaid  by  blue  clay,  and  Pier  No.  8,  on 
the  north  abutment,  was  founded  upon  piles  driven  in  the  sand,  which 
is  here  more  or  less  intermixed  with  boulders. 

The  following  table  exhibits  the  depths  at  which  each  pier  is  founded, 
and  the  character  of  its  foundations: 

Foundations  op  Sibley  Bridge. 


Pier  Nos. 

Height  of  Pier. 
Feet. 

Depth  foundation 
at  low  water. 

Founded  on 

1 

2 
3 

4 
6 
6 

7 
8 

25.75 
79. 
114. 
113.4 
115.5 
89.22 
81.85 
41.22 

-1-  34. 

+     5- 

—  30. 

—  29.4 

—  31.5 

—  34. G 

—  40.5 
00 

Yellow  clay  and  silt. 

20  feet  of  boulders  underlaid  with  clay. 

Bed  rock. 

Piles  and  grillage. 

It  will  be  noted  from  the  above  that  the  greatest  depth  to  the  bed 
rock  was  40.5  feet,  under  Pier  No.  7  on  the  sand  bar,  and  that  the 
highest  pier  above  its  foundations  was  Pier  No.  5,  which  is  115.5  feet 
high. 

The  weights  whii-h  these  impose  on  their  several  foundations  will  be 
given  in  a  subsequent  table. 

Design  of  Masonry. 
It  was  decided  to  build  the  i)iers  of  "  Cotton  wood  "  stone.     This  is 
a  dolomite  which  is  found  on  the  line  of  the  Atchison,  Topekaand  Santa 
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Fe  Railroad  in  Kansas,  about  180  miles  from  the  bridge  site,  and  which 
has  been  i)roved  in  similar  works  to  resist  well  the  effects  of  the  weather 
and  frost. 

As  a  measure  of  additional  safety,  Piers  Nos.  3  and  4,  the  two  in  the 
main  river,  were  cased  in  Minnesota  granite,  from  about  low  water 
mark  to  a  point  12  feet  above,  this  forming  an  ice  breaker  in  the  shape 
of  a  Gothic  arch,  with  the  radii  diminishing  toward  the  top. 

The  form  and  dimensions  of  these  piers  at  various  points  will  be  found 
on  Plate  XLII. 

The  following  table  exhibits  the  size  of  the  masonry  at  top  and 
bottom,  the  area  of  the  foundations,  the  estimated  weight  when  loaded 
with  the  trains  and  the  resulting  pressures  : 

Foundations  of  SiniiEX  Bridge. 


Under  coping. 

Shape  of  Starling. 

Size  of  founda- 
tion. 

=^2 

■a  3 

9  2* 

o  dm 
=«  2=2 

< 

m 

a 
o 

d 

60 

2 

c3 

Pier  No. 

Thick. 

Lenglh. 

m  O 

1 

6  feet. 

8 

9 

9 

8 

8 

9 

9 

24  feet. 

28 

30 

30 

28 

26 

25 

25 

33'  8-  xl5'  8" 

54  X  22 
63'  9"  X  27'  5" 
63'  9"  X  27'  5" 
43x26 
42  x  24 
36  X  18 
84  piles. 

527 
1188 
1748 
1748 
1  118 
1008 

618 

764 
3  628 
6  770 
6  621 
6  041 
3  466 
2  478 
1071 

1.45 

2 
3 
4 
5 
6 

Rounrt  both  ends 

Round  and  Gothic. . . 

Round  both  ends.... 

3.05 
3.87 
3.78 
5.40 
3.43 

3.82 

8 

f( 

13  T  per  pile. 

In  order  to  save  both  weight  and  expense,  Piers  Nos.  7  and  8  were 
carried  up  but  4  feet  above  the  high-water  mark  of  1814.  Above  this 
they  were  surmounted  with  iron  towers,  which  latter  carry  the  deck 
spans  over  the  sand  bar. 

The  1  900  feet  of  iron  trestle  across  the  bottom  lands  is  carried  on 
twenty-one  iron  towers,  each  resting  on  four  masonry  pedestal  i^iers, 
built  of  Cotton  wood  cut  stone  above  the  surface  of  the  ground.  Below  . 
this  they  are  built  of  concrete,  increasinginsizeby  successive  steps,  so  as 
to  give  a  bearing  area  upon  the  soil  which  shall  not  exceed  a  pressure  of 
1  ton  to  the  square  foot.  This  was  deemed  judicious  because  of  the  light 
character  of  the  silt  composing  the  bottom  lands,  and  in  some  instances, 
where  the  ground  was  soft,  the  areas  were  extended  so  as  to  limit  the 
pressures  to  £  of  a  ton  to  the  square  foot ;  the  foundations  being  gen- 
erallv  carried  down  from  8  to  10  feet  below  the  surface. 
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Levels  taken  since  the  hridpje  lias  been  opened  to  traffic  show  that 
these  pedestal  piers  have  settled  very  uniformly,  by  the  compression  of 
the  soil  from  -^  to  4  of  an  inch,  except  at  two  points,  where  the  settle- 
ment has  been  If  inches  and  2|  inches,  respectively.  This  will  be  recti- 
fied by  the  insertion  of  iron  shimming  plates,  under  the  iron  legs  of  the 
towers  resting  ni^on  the  masonry  and  carrying  the  alternate  30  and  60 
feet  iron  plate  girders  of  the  superstructure. 

CONSTKtICTION. 

As  soon  as  the  location  was  decided  upon,  and  the  surveys  had  suffi- 
ciently progressed,  a  contract  was  entered  into  (January  10th,  1887)  with 
the  firm  of  Sooysmith  &  Co.,  to  put  in  the  foundations  and  to  build  the 
masonry,  at  an  agreed  schedule  of  prices.  This  firm  was  at  that  time 
completing  the  substructure  and  masonry  for  a  similar  bridge  at  Ran- 
doljih,  some  20  miles  above  Sibley,  and  as  fast  as  practicable  it  trans- 
ferred its  plant  and  forces  to  the  latter  point. 

This  contract  proved  thoroughly  satisfactory.  The  work  was  carried 
through  in  a  less  period  of  time  than  at  any  bridge  heretofore  built  across 
the  Missouri  River,  and  it  was  thoroughly  well  done.  The  foundations 
were  made  perfect,  the  masonry  was  very  good,  and  the  jol:)  was  satis- 
factory in  every  respect. 

As  there  were  over  30  000  tons  of  materials  to  be  received  (timber, 
stone,  cement,  iron,  etc.)  for  the  foundations,  masonry  and  superstruc- 
ture, the  first  requii-ement  was  to  obtain,  if  possible,  a  connection  by  rail 
■with  the  bridge  site.  The  Wabash  Railway  passed  within  3  miles, 
and  an  arrangement  having  been  made  with  that  company,  second-hand 
rails  and  ties  were  jirocured  from  the  Atchison,  Topeka  and  Sante  Fe 
Railroad,  with  which  a  service  track  was  laid  about  3  miles  long, 
from  the  Wabash  Railway  to  Sibley  Bridge  site,  together  with  about  a 
mile  of  the  necessary  sidings.  This  was  operated  by  a  light  locomotive 
Avhich  the  contractors  procured,  and  being  completed  in  February,  the 
accumulation  of  material  began. 

On  March  23d,  1887,  ground  was  broken  at  the  bridge  site,  by  com- 
mencing excavation  for  the  pile  foundations  of  Pier  No.  8,  or  the  present 
north  abutment. 

From  this  time  forward  the  work  Avas  prosecuted  vigorously;  but  as 
the  ojserations  were  begun  in  the  spring  of  the  year,  when  two  floods 
■were  to  be  encountered,  that  of  April  from  the  breaking  up  of  the  upper 
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river,  and  that  of  June  from  the  melted  snows  in  tlie  mountains,  it  was 
not  practi('al)le  to  begin  first  upon  the  two  river  piers  (3  and  4),  as  would 
have  been  desired,  and  the  first  pneumatic  foundations  were  accordingly 
put  in  on  the  sand  bar. 

The  following  condensed  table  shows  the  dates  of  beginning  the  ex- 
cavation at  each  pier,  of  the  completion  of  the  foundation  prosier,  of  the 
beginning  of  laying  the  masonry  after  the  foundation  was  completed, 
and  of  the  finishing  of  the  pier. 

Schedule  of  Substeiictuee  Woek — Sibley  Beidge. 


rounda- 
tiou. 


8. 
7. 
6. 
5. 
4. 
3. 
2. 
1. 
Pedestals. 


Piles. 
Pneumatic. 


Excavation. 


Sinking  Begun. 


March  23d,  1887. 

April  22d,  •' 
May  7th, 

June  7th,  " 

Aug.  27th,  " 

Aug.  27th,  " 
Aug.  6th, 

June  8th,  " 

April  14th,  " 


Foundation 
Completed. 


Masonry  Begun.  Pier  Completed. 


May   10th,  1887.  May  13th,  1887, 
Aug.  2d,        ■•      Aug.  5th, 


Aug.  22d, 
Aug.  25th, 
Oct.  20th, 
Nov.  22d, 
Aug.  17th. 
June  20th, 
July  27th, 


Aug  22d, 
Sept.  21st, 
Oct.  30th, 
Nov.  22d, 
Sept.  21st, 
July  14th, 
-June  6th, 


July  8th,  1887. 
Aug.  11th, 
Sept.  8th, 
Oct.  13th, 
Nov.  18th, 
Dec.  15th, 
Oct.  21st, 
July  28th, 
Sept.  1st, 


Meanwhile  jiroi^osals  had  been  received  from  various  bridge  works 
for  the  superstructure,  and  the  contract  having  been  awarded  to  the 
Edgemoor  Iron  Company  on  the  15th  of  January,  1887,  the  plans  were 
made,  the  materials  ordered  and  rigidly  inspected,  and  the  manufacture 
of  the  parts  began  at  the  shops  in  June,  the  iron  viaduct  being  first 
taken  in  hand. 

The  following  table  shows  the  dates  of  erection  at  the  bridge  site  of 
the  several  spans: 

Schedule  of  Erection  of  Supersteuctuee — Sibley  Bridge. 


Between  Piers. 

Span. 

Date  Begun. 

Date  Completed. 

Iron  Viaduct. 

60  and  30  feet. 

July  25th,  1887. 

Sept.  10th,  1887. 

7  to  8 

175  feet  deck. 

Sept.  13th,     •' 

Sept.  24th,     " 

6-7 

175 

Sept.  30th,     " 

Oct.  10th, 

5  •'  6 

250 

Oct.  13th. 

Oct.  30th, 

4  ••  5 

400  feet  through. 

Nov.  24th,      " 

Dec.  15th,      " 

3  "  4 

400        «'     ■ 

Dec.  24lh,      " 

Jan.  19th,  1888. 

2  "  3 

400 

Jan.  28th,  1888. 

Feb.  11th,      " 

1  "  2 

200  feet  deck. 

Nov.  22d,     1887. 

Dec.  12th,  1887. 
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"While  the  writer  was  in  general  charge  of  the  works,  and  visited  them 
frequently,  the  more  immediate  charge  of  the  substructure  and  erection 
was  placed  in  the  hands  of  Mr.  John  F.  Wallace,  M.  Am.  Soc.  C.  E. , 
who  was  appointed  Resident  Engineer. 

The  supervision  of  the  plans,  and  inspection  of  tlie  materials  and 
shop  work  for  the  superstructure,  was  likewise  intrusted  to  Mr.  W.  H. 
Breithaujjt,  M.  Am.  Soc.  C.  E. ,  who  was  appointed  Assistant  Engineer 
of  superstructure. 

These  two  gentlemen  having  cai'ried  through  their  respective  tasks 
to  a  successful  termination,  and  completed  an  important  bridge  which 
is  thought  to  reflect  credit  upon  all  concerned,  they  are  herewith  left  to 
tell  how  they  did  it,  by  continuing  this  narrative. 
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CONSTRUCTION. 


By  John  F.  Wallace,  M.  Am.  Soc.  C.  E. 


On  March  lith,  1887,  the  writer  was  placed  in  charge  of  the  con- 
struction of  the  Sibley  Bridge  as  Resident  Engineer.  Prior  to  tliis  date 
the  location  and  general  plan  had  been  determined  upon  by  O.  Chanute, 
M.  Am.  Soc.  C.  E.,  Consulting  Engineer,  and  api^roved  by  A.  A.  Robin- 
son, M.  Am.  Soc.  C.  E.,  Chief  Engineer.  A  contract  for  tlie  snbstructure 
had  been  let  to  Sooysmith  &  Co.,  of  New  York  City;  a  service  track  3 
miles  long,  with  the  necessary  sidings,  had  been  constructed  connecting 
the  bridge  site  with  the  Wabash  Western  Railway  near  Orrick,  Missouri; 
extensive  borings,  iinder  the  immediate  direction  of  Otto  Sonne,  M.  Am. 
Soc.  C.  E. ,  had  also  been  made  covering  the  entire  vicinity  of  the  bridge 
site. 

During  March  the  various  piers  were  located,  base  lines  were  laid 
out  and  carefully  measured,  and  the  triangulation  made  connecting  the 
various  bases  and  points  upon  both  sides  of  the  river.  Levels  were 
run  connecting  the  various  bench-marks  of  both  the  railroad  and 
Government  surveys  and  checked  on  the  high-water  marks  pointed  out 
by  the  old  settlers.  The  relation  between  the  railroad  datum,  which  was 
adopted  as  the  bridge  datum,  the  St.  Louis  Directrix,  and  the  datum  of 
the  Missouri  River  surveys  by  the  United  States  Engineers  (which  is 
mean  gulf  tide  at  Biloxi,  Miss.)  was  found  to  be  as  follows: 

United  States  datum,  mean  gulf  tide 0.000 

Chicago,     Santa     Fe     and    California     Railroad 

datum 135.613 

The  St.  Louis  Directrix 413.300 

In  reference  to  the  railroad  datum,  low  water  was  assumed  to  be 
550.000,  being  685.613  feet  above  the  sea  level.  High  water  of  1881  was 
found  to  be  at  an  elevation  of  580.300.  High  water  of  1844  was  found 
to  be  at  an  elevation  of  587.400.  The  lowest  part  of  the  iron  work  was 
calculated  to  be  jilaced  at  an  elevation  of  637.400,  giving  a  clear  head- 
room for  navigation  of  50  feet  between  extreme  high  water  and  the  bot- 
tom chord  of  the  bridge,  the  fluctuation  between  high  and  low  water 
being  37.400.  The  elevation  of  the  base  of  the  rail  was  calculated  to 
be  642.500,  92.5  feet  above  low-water  mark.  On  account  of  transjaorta- 
tion  facilities  it  was  decided  to  conduct  the  work  from  the  sand  bar  on 
the  north  side  of  the  river,  and  to  construct  the  viaduct  foundations  and 
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the  foundations  of  the  piers  situated  upon  the  sand  bar  first,  leaving 
the  construction  of  the  main  piers  located  in  the  river  proj)er  until  after 
the  subsidence  of  the  spring  floods.  Work  was,  therefore,  commenced 
at  the  site  of  Pier  8,  on  the  23d  day  of  March,  1887,  by  excavating  the 
surface  material  down  to  a  level  with  the  stage  of  the  water  in  the  river. 
In  this  excavation  a  coflfer-dam  was  constructed  and  completed  April 
8th.  This  cofifer-dam  was  sunk  to  a  depth  of  20  feet  below  the  level  of 
the  sand  bar,  and  the  inclosed  sand  removed  by  a  centrifugal  i^umi). 
Inside  of  the  coffer-dam  eighty-foilr  white  oak  piles  50  feet  long  were 
driven.  The  piles  were  cut  oif  below  low- water  mark.  These  piles 
l^enetrated  a  stratum  of  boulders  and  clay  at  a  mean  dejith  of  20  feet 
below  low  water.  The  final  penetration  of  these  piles  did  not  in  any 
case  exceed  1  inch  during  the  last  ten  blows  of  a  3  200-pound  hammer 
falling  25  feet.  The  pile  driver  was  operated  by  a  double  drum  Mundy 
hoisting  engine.  Pile  driving  Avas  comi^leted  May  10th,  the  work  being 
slow  and  tedious  on  account  of  the  length  of  the  piles  and  the  hardness 
of  the  material  into  which  they  were  driven.  On  May  13th  the  grillage 
was  constructed  on  the  piling  and  the  laying  of  masonry  commenced. 
The  masonry  was  completed  to  the  coping  by  May  25th,  the  coining  was 
added  July  8th,  finishing  the  pier. 

The  foundations  of  Piers  Nos.  7,  6,  5,  4  and  3  were  constructed  by 
the  ijneumatic  jjrocess  in  the  order  named. 

Pier  No.  7. 

The  caisson  for  the  foundation  of  Pier  No.  7  was  constructed  in 
place  and  sinking  commenced  April  22d,  1888,  with  the  cutting  edge  at 
an  elevation  of  560.000.  The  sinking  progressed  rapidly  through  sand 
until  May  5th,  when  at  an  elevation  of  536.0  boulders  were  encountered, 
which  became  very  numeroiis  and  compact  as  the  sinking  i)rogressed. 
At  an  elevation  of  518.0  a  ledge  of  limestone  rock  2  feet  thick,  covering 
about  one-fifth  of  the  area  of  the  bottom  of  tlie  caisson,  was  encount- 
ered, which  required  blasting  for  its  removal.  Bed  rock  was  finally 
reached  August  2d  and  the  masonry  on  the  pier  completed  August  11th. 

Pier  No.  0. 
Tiie  caisson  for  this  pier  was  also  constructed  in  place;  sinking  com- 
menced ^lay  7th,  and  was  completed  August  22d.     The  character  of  the 
material   through  which   this  caisson  passed   was  sand,  boulders  and 
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clay  in  the  order  named.  The  cutting  edge  was  sunk  to  an  ehwation  of 
515.4;  the  masonry  on  the  i^ier  was  completed  September  8th.  Th& 
details  of  this  pier  are  shown  on  Plate  XLI. 

Pier  No.  5. 
The  caisson  for  this  pier  was  constructed  on  the  shore  i  mile 
above  the  bridge  site,  and  on  May  3d  was  launched  and  floated  into 
approximate  jjosition  between  mooring  piles  which  had  i^reviously  been 
driven  to  assist  in  placing  the  caisson.  As  soon  as  the  caisson  was 
anchored  to  the  piling,  a  sand  bar  commenced  to  form  below  and  on  the 
in-shore  side,  which  caused  so  much  trouble  in  bringing  the  caisson  into 
proper  position  that  five  days  intervened  before  the  exact  position  was 
obtained.  This  was  accomplished  by  keeping  a  heavy  strain  upon  the 
mooring  lines  leading  in  the  desired  direction,  and,  at  the  same  time, 
jetting  around  the  edge  of  the  caisson.  In  order  that  the  caisson  might 
be  as  light  a  draught  as  possible,  only  one  course  of  roofing  was  placed 
ujion  it  until  after  it  was  placed  in  final  position,  after  which  the  seven 
remaining  courses  of  decking  were  constructed.  The  sinking  com- 
menced upon  June  7th  and  continued  until  August  18th,  at  which  date^ 
the  caisson  landed  upon  the  bed  rock  at  an  elevation  of  518.5.  Under 
this  pier  the  bed  rock  sloped  3  feet  in  the  length  of  the  foundation. 
The  high  portion  of  the  ledge  was  removed  by  blasting  until  a 
uniform  bearing  was  obtained  and  the  foundation  firmly  secured.  By 
August  25th  the  air  chamber  and  shafts  were  filled  with  concrete  and 
the  laying  of  masonry  under  way  ujaon  the  pier  above.  During  the 
sinking  only  as  much  masonry  Avas  laid  in  position  as  w-as  needed  to 
provide  weight  for  sinking  the  foundation  and  to  keep  the  work  above 
the  surface  of  the  water.  The  material  throtigh  which  the  caisson 
passed  in  sinking  consisted  of  a  conglomerate  mass  of  sand,  gravel, 
boulders  and  clay,  which  became  very  hard  and  comj)act  near  the  bed 
rock.  While  in  sinking  the  foundations  of  Piers  Nos.  6  and  7  much  of 
the  material,  consisting  of  sand  and  silt,  was  removed  through  the  blow- 
out pi^jes  by  the  air  pressure.  Most  of  the  excavation  for  this  founda- 
tion was  loosened  by  pick  and  hoisted  through  the  air  lock  in  the 
excavating  shaft.  The  manner  of  operating  the  excavator,  and  the 
drawings  for  the  same,  are  shown  by  the  details  on  Plate  XL,  which 
also  shows  the  general  plan  of  caisson  used.  The  size  and  details,  how- 
ever, on  the  drawings  are  of  Caisson  No.  6.  Pier  No.  5  was  completed 
October  13th. 
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Pier  No.  4. 

Owing  to  the  High  stage  of  the  June  flood  and  its  prolonged  dura- 
tion, it  was  not  deemed  expedient  to  place  the  caissons  for  Piers  Nos.  3 
and  4  in  position  in  the  stream  until  the  waters  commenced  to  subside 
during  August.  The  caissons  had,  however,  in  the  meantime  been  con- 
structed and  were  in  readiness  to  launch  when  the  proper  time  arrived. 
The  caisson  for  Pier  4  was  launched  August  9th  and  was  floated  into 
position  and  secured  between  the  mooring  piles  without  incident.  After- 
ward seven  courses  of  decking  were  added  and  9  feet  of  crib  work  filled 
with  concrete  constructed  upon  the  top  of  the  caisson.  Sinking  com- 
menced August  27th  and  continued  until  October  23d,  on  which  date 
the  cutting  edge  of  the  caisson  was  landed  securely  upon  bed  rock  at  an 
elevation  of  520.0.  In  sinking  Caisson  4,  boulders  were  encountered  in 
the  sand,  at  once  followed  by  several  strata  of  hard,  compact  clays,  which 
continued  within  a  short  distance  of  bed  rock,  when  a  shallow  stratum 
of  gravel  was  encountered  immediately  ui:)on  the  rock.  It  was  found 
necessary  to  remove  fully  90  per  cent,  of  the  material  excavated  in  sink- 
ing this  foiindation  through  the  excavating  lock,  which  rendered  the 
sinking  slow,  tedious  and  expensive.  On  October  29th,  the  working 
chamber  having  been  filled  with  concrete,  the  air  was  cut  off,  and  the 
laying  of  masonry  was  pushed  forward  upon  the  pier,  which  was  com- 
pleted November  18th. 

Pier  No.  3. 

The  caisson  for  Pier  No.  3  was  launched  August  24th,  Prior  to  launch- 
ing Caissons  3,  4  and  5,  false  bottoms  were  constructed  over  the  lower  part 
of  the  working  chambers  to  render  them  light  of  draught.  After  secur- 
ing the  caissons  in  position,  and  tilling  the  chambers  with  compressed 
air,  these  bottoms  were  broken  up  and  the  material  out  of  which  they 
were  constructed  was  shoved  out  under  the  cutting  edge.  In  launching 
Caisson  3,  the  false  bottom  was  broken  by  contact  with  a  snag,  and,  as 
the  water  was  not  deep  enough  to  float  the  structure,  it  grounded  in 
some  8  feet  of  water.  One  of  the  barges  containing  an  air  compressor 
was  at  once  brought  alongside  and  the  caisson  raised  by  pumping  air 
into  the  working  chamber.  The  steamer  "Park  Bluff"  then  took  the  cais- 
son and  compressor  barge  in  tow  and  dropped  down  the  stream  toward 
the  bridge  site.  The  current  at  "Sibley  Reef,"  at  the  stage  of  water 
then  existing,  ran  so  fiercely  that  the  steamer  was  not  able  to  hold  the 
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fleet  in  tow,  and  -when  the  future  position  of  the  caisson  was  approached, 
stone  anchors  were  cast,  and  by  their  help  the  caisson  was  swung  into 
position  lietweeu  the  mooring  piles,  and  then  allowed  to  settle  ui)on  the 
river  bed.  The  bottom  of  the  river  at  this  point  was  covered  with 
boulders  from  1  to  9  feet  in  diameter.  The  caisson  rested  upon  the 
boulders  in  such  a  manner  that  the  lower  right  hand  corner  was  some 
5  feet  lower  than  the  ujiper  left  hand  corner,  and  after  the  false  bottom 
was  removed,  a  channel  some  9  feet  deep  and  30  feet  wide  was  found  to 
exist,  running  diagonally  across  under  the  caisson,  which  was  upheld  by 
boulders  of  various  sizes  under  different  i^arts  of  the  cutting  edge. 
Owing  to  the  peculiar  position  of  the  caisson  and  the  fierceness  of  the 
current,  the  water  inside  of  the  working  chamber  dashed  to  thereof,  and 
rendered  all  work  in  the  chamber  slow,  difficult  and  dangerous.  But 
few  Avorkmen  could  be  induced  to  enter  the  chamber,  and  these  were 
compelled  to  use  life  lines,  which  were  attached  to  the  body  of  one 
workman  and  held  by  two  of  his  fellows  clinging  to  the  interior  bracing 
of  the  chamber.  The  compressed  air  would,  of  course,  only  keep  the 
water  down  level  with  the  highest  corner  of  the  chamber,  even  with  the 
water  calm  and  no  current  existing.  It  was  necessary  to  level  the  caisson 
and  to  secure  a  bearing  for  the  cutting  edge  before  the  air  pressure 
could  be  relied  upon  to  clear  the  chamber  of  water  and  enable  the  work 
to  be  pushed  with  force.  The  work  of  blasting  the  boulders  and  dis- 
tributing the  fragments  over  the  bottom  of  the  chamber  continued  day 
and  night.  Sand  bags  were  also  cast  into  the  river  on  the  upper  side  of 
the  caisson,  and  were  carried  through  to  the  lower  side  of  the  chamber 
by  the  current  and  assisted  in  stoj^ping  the  channel  under  the  caisson. 
After  twenty-one  days  and  nights  of  continuous  effort,  the  cutting  edge 
was  finally  embedded  in  the  boulders  and  the  full  complement  of  pres- 
sure men  induced  to  enter  the  working  chamber.  The  average  elevation 
of  the  top  of  the  boulder  bed  was  548.0,  At  535.0,  after  passing  through  a 
compact  mass  of  boulders  and  gravel,  a  stifif  blue  clay  was  encountered 
which  was  free  from  gravel  and  sand  and  picked  apart  in  large  dry 
flakes.  At  529.0  the  blue  clay  gave  place  to  a  tough  yellow  clay,  very 
hard  and  stiff,  which  was  so  difficult  to  pick  that  blasting  was  rendered 
necessary  to  loosen  it.  At  525  a  stratum  of  gravel  and  sand  was  found, 
which  continued  to  the  bed  rock,  which  was  reached  at  an  elevation  of 
520,0  on  November  13th,  After  filling  the  working  chamber  and  the 
different  shafts  with  concrete,  the  laying  of  masonry  on  the  pier  was 


112  WALLACE    OJSr   THE   SIBLEY   BRIDGE. 

resumed,  and  finally  completed  December  15th,  1887.  The  masonry  on 
the  pier  was  laid  during  freezing  weather.  "Warm  brine  containing 
eight  per  cent,  of  salt  and  the  best  Louisville  cement  was  used  in  the 
mortar.  Subsequent  examinations  have  shown  the  mortar  in  this  pier 
to  be  equal  in  quality  to  that  used  during  weather  of  a  higher  temj)era- 
ture.  The  completion  of  Pier  No.  3  finished  the  substructure,  as  the 
construction  of  the  shore  Piers  Nos.  2  and  1,  resting  upon  beds  of  concrete 
8  feet  in  thickness,  had  been  carried  forward  and  completed  during  the 
progress  of  the  work  on  the  other,  piers.  The  eighty -four  foundations 
for  the  viaduct  towers  had  also  in  the  meantime  been  completed.  These 
foundations  consisted  of  stone  piers  from  8  to  12  feet  in  height,  resting 
on  beds  of  concrete  8  feet  in  thickness,  which  were  so  proportioned  that 
the  weight  on  the  soil  beneath  should  not  exceed  1  ton  to  the  square 
foot. 

The  following  quantities  of  material  were  used  in  the  substructure: 

Piling,  3  360  lineal  feet. 

Timber  in  caissons  and  cribs,  1  070  636  feet  B.M. 

Iron  in  caissons  and  cribs,  127  776  ijoimds. 

Concrete  in  air  chambers,  1  625  cubic  yards. 

Concrete  in  cribs  and  foundations,  4  174  cubic  yards. 

Limestone  masonry,  7  094  cubic  yards. 

Granite  masonry,  313  cubic  yards. 

Limestone  coping,  416  cubic  yards. 

Granite  bridge  seats,  38  cubic  yards. 

Viaduct  foundations,  670  cubic  yards. 

Total  masonry,  8  521  cubic  yards. 

Riprap,  4  200  cubic  yards. 

Disi^lacement  of  caissons,  234  417  cubic  feet. 

Boulders  excavated  from  caissons,  78  788  cubic  feet. 

Excavation  for  dry  foundations,  4  814  cubic  yards. 

Cement. 

The  following  amount  of  cement  of  different  manufacture  was'used 
in  the  construction  of  the  substructure  : 

Portland  cement 500  barrels. 

Milwaukee     "     100 

Utica  "     1468       " 

Kansas  City    "     4  440 

Louisville       "     3  506       " 

Total 10  014       " 

The  Portland  cement  was  used  in  sealing  the  air  chambers  and  in 
pointing.     The  Louisville  cements  were  used  in  layiug  the  masonry. 
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The  Kansas  City  and  Utica  cements  were  used,  mainly,  in  foundation 
and  concrete  work.  All  cement  used  was  first  stored  upon  arrival  in  a 
cement  house  and  was  carefully  tested  before  being  permitted  to  enter 
the  work.  During  the  season  seventeen  car  loads  of  cement  were  re- 
jected out  of  the  total  amount  received. 

Watkr  Eecords. 

Owing  to  the  work  being  conducted  from  the  sand  bar  on  the  north 
side  of  the  river,  and  to  the  constant  fluctuation  for  which  the  Missouri 
River  is  noted,  it  was  necessary  to  i^rovide  some  system  by  which  we 
could  be  duly  warned  of  the  approach  of  flood  waves.  The  records  of  the 
various  water  gauges  on  the  Missouri  River  from  Kansas  City  to  Sioux 
City  were  diagramed,  in  order  that  we  might  have  a  graphical  presenta- 
tion of  the  previous  flood  waves.  Daily  telegraphic  reports  were  re- 
ceived from  Sioux  City,  Omaha,  Plattsmouth  and  Kansas  City,  and  were 
recorded  upon  this  diagram.  After  the  first  flood  we  were  able  to  deter- 
mine the  approach  and  probable  height  of  the  rise  of  the  water  during 
the  succeeding  forty-eight  hours.  Under  the  peculiar  circumstances 
existing  at  Sibley  Reef,  the  information  derived  from  these  reports  and 
this  diagram  was  of  great  assistance  in  the  prosecution  of  the  work. 

Erection. 

On  July  5th,  1889,  the  first  car  load  of  material  for  the  superstruc- 
ture arrived  at  the  bridge  site,  and  on  July  25th  the  first  tower  for  the 
viaduct  was  raised.  The  viaduct  was  erected  by  means  of  a  traveler, 
which  "straddled"  the  entire  structure  on  legs  resting  on  wheels  that 
ran  on  rails  located  upon  each  side  and  outside  of  the  two  lines  of 
foundation  piers.  Between  the  two  lines  of  piers  a  standard  gauge 
track  was  laid  connecting  with  the  material  yard  tracks  ;  upon  this 
track  under  the  viaduct  the  cars  containing  the  material  for  the  super- 
structure were  placed.  The  material  was  then  lifted  directly  into  place 
by  the  traveler  without  further  handling.  This  "straddler"  was  also 
used  to  erect  the  three  deck  spans  between  Piers  Nos.  5  and  8.  The 
last  girder  for  the  viaduct  was  hoisted  into  place  September  10th.  The 
progress  table  on  page  105  gives  the  dates  of  the  erection  of  the  various 
spans.  The  long  spans  over  the  low  water  river  were  erected  from 
false  works  resting  upon  piling  driven  into  the  river  bed  by  the  use  of 
an  ordinary  traveler.     The  character  of  the  river  bed  at  "Sibley  Reef  " 
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enabled  us  to  drive  piling  for  this  false  work  without  fear  of  scour,  but 
the  erection  not  being  completed  by  the  time  the  ice  began  to  run  in  the 
river,  we  exjoerienced  considerable  trouble  by  the  ice  cutting  the  piling- 
and  the  work  was  in  constant  danger  from  moving  ice  during  the  erec- 
tion of  the  three  400-foot  spans.  Up  to  the  19th  of  December,  although 
the  weather  was  cold,  yet  it  did  not  prevent  the  vigorous  prosecution  of 
the  work.  On  that  date  a  "  blizzard  "  bore  down  upon  the  works  from 
the  northwest,  and  for  four  weeks  storm  followed  storm  in  rapid  suc- 
cession, covering  the  false  work  and  lines  with  ice  and  snow,  the  ther- 
mometer at  times  falling  as  low  as  25  degrees  below  zero.  The  work 
was  continued  and  completed  during  this  weather,  as  it  was  feared  that 
as  soon  as  the  weather  moderated  the  ice  would  move  out  of  the  river, 
carrying  away  our  false  work  and  as  much  of  the  spans  as  might  be  in 
course  of  erection  at  the  time.  During  this  period  two  of  the  workmen 
lost  their  lives  by  falling  from  the  false  Avork  and  one  by  slipping  from 
the  ice  into  the  river. 

In  order  to  open  up  the  Chicago,  Santa  Fe  and  California  Railroad 
for  traffic,  the  false  work  between  Piers  Nos.  2  and  3  was  erected  strong 
enough  to  bear  up  trains  and  also  the  span  in  course  of  erection,  and  on 
the  26th  of  January  the  first  train  was  jaermitted  to  cross  the  bridge, 
and  this  span  was  subsequently  erected  without  interfering  with  the 
operation  of  the  railroad.  On  February  11th,  1888,  the  last  end  pin 
Avas  driven  and  the  bridge  substantially  completed.  Fortunately  the  ice 
in  the  Missouri  River  did  not  move  until  after  this,  to  us,  very  imi^ort- 
ant  event,  but  the  day  following  the  ice  moved  out  of  the  river. 

Rectification  Wobks. 

In  bridging  the  Missouri  Eiver,  a  very  important  matter  to  consider 
is  the  proper  means  to  adopt  to  retain  the  river  under  the  bridge  proper 
and  to  prevent  the  structure  from  being  flanked  by  the  turbulent 
stream.  The  valley  of  the  Missouri  is  generally  from  4  to  6  miles  wide, 
and  the  bed  rock  from  30  to  80  feet  deep  below  the  top  of  the  alluvial 
deposit.  This  alluvial  deposit  consists  generally  of  a  very  fine  silt,  but 
beds  of  clay  and  black  soil  are  occasionally  found.  The  stream  itself 
swings  from  side  to  side  of  the  valley  like  a  mighty  serpent,  until  it 
strikes  the  limestone  bluffs  which  bound  it.  During  and  succeeding 
the  spring  floods  the  concave  bends  are  continually  cutting  and  the 
bars  oa  the  convex  side  of  the  river  coutinuallv  increasing.     The  bank.s 
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are  generally  from  25  to  30  feet  above  the  low  water  river,  and  are  cov- 
ered with  from  1  to  3  feet  of  black  soil  waslicd  into  the  valley  by  the 
tributary  streams.  This  land  is  thickly  settled  and  covered  with  l)eait- 
tifiil  farms,  which,  in  the  convex  bends,  are  to  a  greater  or  less  extent 
yearly  sacriliced  to  the  river.  The  greatest  amount  of  cutting  occurs 
during  the  falling  water  succeeding  a  rise,  the  water  running  toward 
the  river  through  the  fine  silt  and  continually  undermining  the  banks. 
Where  some  points  are  temporarily  held  by  a  deposit  of  stifif  clay,  the 
bank  below  is  rajaidly  cut  out  by  the  fierce  action  of  the  eddy  that 
is  generated  by  the  water  whirling  around  the  laoint  extending  into 
the  river,  and  the  clay  points  are  eventually  flanked.  The  progress 
of  the  catting  has  been  known  to  extend  from  |  to  f  of  a  mile  back 
in  the  convex  bends  in  a  single  season.  The  expense  of  controlling 
the  river  in  the  vicinity  of  the  bridges  that  have  been  built  over  the 
Missouri  River  has,  in  one  or  two  cases  known  to  the  writer,  event- 
ually exceeded  the  cost  of  the  bridge  itself.  At  Sibley  the  location  of  the 
south  end  of  the  bridge  is  against  the  bluflfs,  and  the  land  on  that  side  of 
the  river  lying  along  the  bluffs  above  the  bridge  is  low  and  uninhabit- 
able. The  problem  consisted  simi^ly  in  our  ability  to  hold  the  bank  on 
the  north  side  of  the  river  for  a  distance  of  some  4  miles  above  the  bridge 
site  connecting  on  to  rectification  works  previously  constructed  by  the 
Wabash  Western  Railway,  and  letting  any  cuttings  that  might  occur  on 
the  south  side  of  the  river,  as  the  result  of  our  proposed  works,  take 
care  of  themselves.  As  a  first  step  toward  securing  the  data  that  would 
give  the  necessary  information  to  enable  the  works  at  Sibley  Bend  to  be 
planned  and  executed  in  the  most  economical  manner,  a  careful  exami- 
nation of  the  different  Government  Surveys  extending  over  a  period  of 
fi'om  ten  to  fifteen  years  was  made. 

In  the  winter  of  1887  a  careful  siirvey  was  made  of  the  river  in  the 
vicinity  of  Sibley.  In  August  of  1887  a  second  survey  was  made.  (Plate 
XXXVII.)  Between  these  two  surveys  the  river  cut  back  a  distance  of 
some  1  200  feet  in  the  bend  above  the  bridge.  The  survey  of  January, 
1887,  showed  that  the  deep-water  channel  of  the  river  followed  close  to  the 
north  shore  line  around  the  entire  bend.  Owing  to  the  material  in  the 
upper  part  of  the  bend  being  softer  than  that  in  the  lower  part,  and  a  clay 
point  existing  about  i  of  a  mile  above  Dike  "  C,"  the  bank  in  the  upper 
part  of  the  bend  cut  very  rapidly,  while  little  or  no  cutting  occurred 
below  the  center  of  the  original  bend  ;    this   caused   the  current   to 
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■deflect  toward  tlie  south  side  of  the  river,  and  temporarily  protected 
the  bank  immediately  above  the  bridge  site.  It  was  decided  to  construct 
Dike  "C,"  shown  on  Plate  XXXVII,  a  distance  of  700  feet  into  the 
river,  in  the  upper  part  of  the  lower  bend  as  it  existed  in  August  of 
1887;  it  was  also  decided  to  construct  Dikes  1,  2,  3,  4,  5  and  6  in  the 
lower  i^art  of  the  upper  bend,  and,  as  an  extra  precautionary  measure. 
Dikes  A  and  B  were  planned  to  jirotect  the  convex  bank  about 
^  of  a  mile  above  the  bridge  site.  At  a  point  marked  "Mud 
Bar"  (see  Plate  XXXVII),  a  stratum  of  hard  blue  clay  existed, 
which,  in  a  measure,  had  protected  the  convex  bank  immediately  below 
it.  This  bar,  however,  as  shown  by  the  diiference  between  the  dotted 
and  full  lines,  was  wearing  away  at  the  rate  of  about  100  feet  a  year. 
During  the  fall  and  winter  of  1887  the  dikes  heretofore  mentioned  were 
•constructed.  Dikes  1,  2,  3,  4,  5  and  6  were  constructed  as  submerged 
dikes,  in  the  following  manner  :  a  foundation  mattress  was  first  con- 
;structed  on  inclined  ways  on  the  river  bank  above  the  location  of  the 
dikes  as  follows :  a  lattice  foundation  was  laid  upon  these  ways,  consist- 
ing of  2  X  6-inch  strips  of  timber,  crossing  each  other  at  intervals  of  4 
feet;  hard  wood  pins  were  i^laced  at  the  intersections  of  these  timbers,  in 
holes  bored  for  the  ijurjiose,  and  extending  some  2 J  feet  in  height; 
around  these  pins  long  willows,  from  15  to  20  feet  in  length,  were  woven 
to  a  depth  of  2  feet;  cross  binders  of  2  x  6-inch  timbers  were  then  placed 
on  top  of  the  mattress,  holes  being  bored  through  them  to  receive  the 
pins;  the  tops  of  the  pins  were  then  split,  wedges  inserted  and  driven  to 
l^lace,  securely  binding  the  entire  mattress  together.  These  mattresses 
were  generally  60  feet  wide  by  100  feet  long,  i^fter  being  completed 
they  were  launched  into  the  river,  and,  being  held  by  lines  from  the 
shore,  were  floated  into  position,  the  in-shore  end  resting  against  the 
shore;  the  lines  holding  these  mattresses  were  so  arranged  that,  after 
sinking  the  mattress,  by  pulling  a  check  line  they  could  be  detached  and 
secured.  After  the  mattress  was  floated  into  position,  barges  loaded  with 
rock  were  brought  alongside  and  stone  thrown  upon  the  mattress.  The 
greatest  weight  was  placed  upon  the  upper  part  of  the  mattress,  and  as 
it  slowly  sank  below  the  water  the  barge  was  floated  over  it  until  it  was 
entirely  covered,  the  current  assisting  in  sinking  the  mattress.  After 
the  mattress  was  sunk  to  the  bed  of  the  river,  additional  stone  was  thrown 
upon  it  until  it  was  covered  with  alicut  2  feet  of  rock;  an  additional 
mattress  was  then  constructed  and  sunk  upon  it.     This  was  continued 
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tmtil  the  dike  was  brought  to  the  height  f)lanned,  each  succeeding  mat- 
tress being  smaller  in  its  several  dimensions  than  the  one  below  it.  Where 
these  dikes  were  constructed  in  water  25  feet  deep  100  feet  from  the 
shore,  they  consisted  of  three  mattresses,  and  the  entire  dike  was  covered 
with  a  layer  of  rock  about  2  feet  thick.     The  crest  of  these  dikes  sloped 
about  5  to  1  as  originally  constructed,  it  being  the  intention  to  have 
the  dikes  cause  as  little  resistance  to  the  flood  waters  as  possible,  to  the 
end  that  the  smallest  amount  of  eddy  should  be  created.     Dikes  A  and 
B  were  constructed  after  the  river  had  frozen  over,  and  were  built  upon 
the  ice  directly  over  the  location  of  the  dike;  the  ice  was  then  cut  around 
the  dike,  in  order  that  the  weight  of  the  material  of  which  it  consisted 
might  cause  it  to  sink;  the  ice  on  the  upper  end  being  cut  first,  the 
isressure  of  the  current  assisted  in  sinking  the  dike,  and  the  buoyancy 
of  the  ice  caused  it  to  shoot  out  from  underneath;  afterward  additional 
rock  was  placed  upon  the  shore  end  of  the  dike,  securing  a  firm  connec- 
tion with  the  shore.     The  long  dike  "C"  consisted  of   a  foundation 
mattress  40  feet  wide,  2  feet  thick,  covered  by  18  inches  of  rock,  con- 
structed in  place.     This  dike  was  700  feet  long.     At  the  outer  end  an 
ice  breaker,  consisting  of  a  pile  of  rock  9  feet  high  and  80  feet  long,  was 
constructed.     Between  this  ice  breaker  and  ordinary  high  water  mark 
two  rows  of  piling  were  driven  through  the  mattress,  the  rows  being  8 
feet  apart,  and  the  piles  being  10  feet  apart  in  the  rows.     A  close  wat- 
tling consisting  of  2  x  d-inch  scantling  was  woven  in  and  around  this 
piling  in  such  a  manner  as  to  retard  the  current  in  order  to  cause  a  de- 
posit above  and  below  the  dike.     The  top  of  this  wattle  fence,  at  the 
shore  end,  was  13  feet  above  low  water,  sloping  to  9  feet  above  low 
water  at  the  outer  end.     The  flood  of  1888,  which  was  the  first  flood  that 
occurred  after  the  construction  of  the  dikes  mentioned  above,  rose  to  an 
elevation  of  17  feet  above  low  water,  and  caused  the  deposit  of  a  heavy 
bar  above  and  below  Dike  "0,"  about   J  of  a  mile  long,  and  from 
500  to  600  feet  in  width,   the  elevation  of  the  top  of  the  bar  being, 
on  an  average,  13  feet  above  low  water.     In  June  of  1888,  after  the  sub- 
sidence of  the  spring  floods,  a  survey  was  made,  and  is  indicated  on 
Plate  XXXVII  by  a  full  black  line.     The  diflference  between  the  dotted 
line  marking  the  shore  line  of  August,  1887,  and  the  full  line,  shows  the 
change  that  occurred  during  the  spring  floods  of  1888.     It  will  be  noted 
that  at  the  location  of  Dikes  A,  B,  1,  2,  3,  4,  5  and  6,  the  two  shore  lines 
are  coincident  ;  but  immediately  below  Dikes  1,  2,  3,  4,  5  and  6  cutting 
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occurred  in  the  form  of  scallops;  this  cutting  was  caused  by  the  return 
action  of  the  eddies  generated  by  the  current  around  the  ends  of  the 
dikes,  but,  as  shown  on  the  sketch,  the  general  shore  line  in  the  lower 
part  of  the  upper  bend  was  substantially  maintained  and  additional  land 
made  advancing  the  shore  line  in  the  lower  bend  above  and  below  Dike 
"C."  After  the  spring  flood  Dike  7  was  constructed.  During  the 
autumn  of  1888,  additional  mattresses  were  sunk  in  the  eddies  on  the 
flanks  of  the  different  dikes,  the  bank  sloped  above  them  and  rip-rapped. 
Soundings  taken  in  the  fall  of  1888"  showed  that  the  dikes  in  the  upper 
bend  had  gradually  settled  at  their  outer  ends,  and  that  the  slope  of  the 
crests  of  the  dikes  had  steepened  to  about  1^  to  1  at  the  outer 
ends  of  the  dikes,  changing  the  slope  of  the  crests  of  the  dikes  to 
a  convex  form.  The  channel  had  also  deepened  opposite  the  dikes  from 
25  to  50  feet,  the  greatest  depth  of  water  occurring  some  50  feet  below 
the  outer  points  of  the  several  dikes.  The  floods  of  1889  have  caused  no 
additional  changes  to  the  shore  line,  and  the  object  of  the  protection 
works  has  been  obtained  so  far  at  a  very  reasonable  cost,  4  miles  of 
river  being  controlled  at  an  expense,  to  date,  of  about  S60  000. 
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SUPERSTRUCTURE. 


By  W.  H.  Bkeithaupt,  M.  Am.  Soc.  C.  E. 


The  superstructure,  resting  on  masonry,  consists  of  three  main  spans 
of  400  feet  each,  flanked  on  the  south,  here  the  bluff  side  of  the  river, 
by  one  200-foot  sjian,  and  on  the  north,  in  the  order  named,  by  one  250- 
foot  si^an,  two  175  foot  spans  and  1  900  feet  of  viaduct,  the  whole  being 
on  a  tangent,  the  truss  spans  level,  and  the  viaduct  track  on  a  grade  of 
0.8  foot  to  the  hundred.  The  three  iOO-foot  spans  are  through  spans; 
on  all  other  parts  of  the  bridge  the  track  is  uppermost.  In  the  400-foot, 
200  foot  and  250-foot  sjjans  there  are  iron  stringers  and  floor  beams; 
in  the  175-foot  spans  and  in  the  viaduct  sjDans  the  ties  rest  directly 
on  top  chords  of  the  trusses  and  girders  respectively. 

Span  lengths  as  above  given  are  from  center  to  center  of  i)iers. 
Lengths,  center  to  center  of  end  pins,  and  other  general  dimensions  of 
the  various  spans,  are  as  follows: 

400-foot  spans. — Length,  center  to  center,  of  end  pins,  396  feet. 

Number  of  panels,  16;  panel  length,  24  feet  9  inches. 

Height,  center  to  center,  of  chord  pins,  50  feet. 

Width,  center  to  center,  of  trusses,  21  feet. 
200-foot    sj^an. — Length,  center  to  center,  of  end  pins,  197  feet  6  inches. 

Number  of  panels,  8;  panel  length,  24  feet  8i  inches. 

Height,  center  to  center,  of  chord  pins,  25  feet. 

Width,  center  to  center,  of  trusses,  17  feet. 
250foot    span. — Length,  center  to  center,  of  end  pins,  247  feet  1  inch. 

Number  of  panels,  10;  panel  length,  24  feet  8^  inches. 

Height,  center  to  center,  of  chord  pins,  30  feet. 

Width,  center  to  center,  of  trusses,  17  feet. 
175-foot  spans. — Length,  center  to  center,  of  end  pins,  172  feet  6  inches. 

Numljer  of  panels,  9;  panel  length,  19  feet  2  inches. 

Height,  center  to  center,  of  chord  pins,  25  feet. 

Width,  center  to  center,  of  trusses,  14  feet. 

On  Piers  Nos.  7  and  8,  i.  e.,  under  adjoining  ends  of  the  two  175- 
foot  spans,  and  where  viaduct  adjoins  175-foot  span,  there  are  ijyramidal 
iron  towers,  22  feet  high,  which  effect  a  considerable  saving  in  masonry. 

The  structure  is  proportioned  for  maximum  strains  resulting  from 
the  following  loading  and  wind  pressure : 

Static  Load. — Total  iron  and  steel  weight,  plus  floor  weight  of  480 
pounds  per  running  foot  for  wood  and  rails. 

Moving  Load. — Two  86-ton  consolidation  engines  followed  by  train 
load  of  3  000  pounds  per  running  foot,  as  per  diagram. 
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■pFznc?  Pressure. — On  loaded  chords,  30  pounds  i^er  square  foot  on 
train  and  two  surfaces  of  one  truss;  on  unloaded  chords,  50  pounds  per 
square  foot  on  two  surfaces  of  one  truss. 

In  proportioning  sections  the  Launhardt  formula  was  used  for  the 
400-foot  spans,  but  not  for  the  shorter  spans.  Assumed  unit  strains  are 
as  follows: 

400-foot  spans. — Tension. — Main  tie  and  bottom  chord  bars  (steel),  per 
square  inch, 

-^  «««   /  .  minimum  stress  in  member    \  ^ 

12  000  (  1  +  ^ '. 7 -. r-  )  pounds. 

\  2  X  maximum  stress  in  member/ 

Strains,  however,  nowhere  to  exceed  14  000  pounds 

l^er  sqare  inch. 
Counter  ties  (steel),  8  000  pounds  i^er  square  inch. 
Susi^enders  (steel),  10  000  pounds  per  square  inch. 
Lateral  rods,  steel,  18  000  pounds  per  square  inch; 

iron,  15  000  pounds  per  square  inch. 
Wind  strains  in  bottom  chords,  per  square  inch. 

, ,.  rvr./^   /  ,    ,       minimum  stress  in  member     \  , 

15  000  (  1  -f  „ , -. -, —  Ipouuds. 

\  2  X  maximum  stress  m  member/ 

For  tension  in  any  built  members  ^  less  than  for 

bars  or  rods. 
Flanges  of  floor-beams  or  stringers,  8  000  pounds 

per  square  inch. 
Compression. — For    posts,    struts  or  top    chords    use 

formula   h  = -, 

14-   " 


ar^ 

In  which  h  =  permissible  stress  per  square  inch. 
/  =  length  of  member  in  inches. 
r  =  least  radius  of  gyration. 
«  =  40000  for  columns  with  two  flat 
ends. 
=  30  000  for  columns  with  one  flat 

and  one  pin  end. 
=  20  000  for  columns  with  two  pin 
ends. 

/  min.  stress  in  member    \ 

V         2  max.  stress  in  member  / 

for  end  j^osts   and    top   chords 

(steel). 

=  8  000  for  intermediate  posts  (iron). 

=  12  000  for  struts  (iron). 


.s  =  10  000 
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Flanges  of  floor  beams  and  stringers,  6  000 
pounds  i)er  square  inch. 
Shear. — In   webs   of  floor  beams   and   stringers,  4  000 
pounds  per  square  inch. 
In  rivets  and  pius,  7  000  pounds  per  square  inch. 
Section  of  rivets  in  field  connections  of  stringers 
and  floor  beams  to  be  increased  by  25  per  cent. 
Bearing.  — On    rivets    and    pins,    12  000    pounds    per 
square  inch. 
Extreme  fiber  strain  on  pins,  15  000  for  iron,  20  000 

for  steel. 
Permissible  pressure  of  bed  plates  on  masonry, 

250  jjo'iinds  per  square  inch. 
Permissible    j^ressure    on    expansion    rollers 
\/  540  000  d.    d  =  diameter  of  roller. 

All  other  spans  and  viaduct: 

Tension. — Main  ties  and  bottom  chord  bars,  12  000  pounds  per  square 
inch  (steel). 

Counters,  8  000  pounds  per  square  inch  (steel). 

^_^      « 
Compression. — For  posts  and  top  chords  (iron),  use  formula         i_i_^^ 

r  ^ 

in  which  s  ;=  8  000.    All  other  values  same  as  given  under  400-foot  span. 
All  other  unit  strains  same  as  given  under  400-foot  sj^an. 

The  main  tension  members,  chord  pins  and  flat  laterals  in  all  truss 
Sloans  are  of  tension  steel;  top  chords  and  end  posts  of  the  400-foot  spans 
are  of  comi^ression  steel  (rivets  in  them  being  of  tension  steel  of  the 
maximum  ductility  given  in  table) ;  otherwise  iron  is  used. 

Steel  is  specified  as  follows: 

No  steel  which  proves  brittle  shall  be  used  under  any  circumstances. 
If  it  develops  this  character  at  any  stage  of  its  manufacture  or  working, 
it  shall  at  once  be  condemned. 

All  steel  for  the  same  span  and  the  same  class  of  work  shall  be  made 
by  the  same  process  and  at  the  same  works. 

A  sample  bar  J  of  an  inch  in  diameter  shall  be  rolled  from  every 
melt  for  preliminary  tests.  If  this  bar  fails  to  meet  requirements,  the 
whole  charge  may  be  rejected. 

Test  pieces  of  finished  steel  may  be  cut  either  lengthwise  or  cross- 
wise from  the  originals. 

In  addition  to  regular  tests,  daily  cold  bending  tests  shall  be  made  as 
often  as  practicable  during  the  manufacture,  by  bending  double  under 
the  hammer  such  scraps  as  may  be  sheared  ofl"  from  the  steel  being 
worked. 
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Tension  steel  sliall  stand  such  forge  tests,  both  hot  and  cold,  as  may 
be  sufficient,  in  the  opinion  of  the  engineer,  to  prove  soundness  of  the 
material  and  fitness  for  the  service. 

Specimens  cut  lengthwise  and  crosswise  must,  after  being  heated 
to  a  low  cherry  red,  aud  cooled  in  water  of  the  temiserature  of  82 
degrees  Fahrenheit,  stand  bending  double,  in  a  press  or  under  the 
hammer,  to  a  curve  of  which  the  diameter  is  twice  the  thickness  of 
the  piece. 

No  steel  must  be  worked  at  a  black  heat. 

Kequirements  for  steel  and  iron  are  as  per  following  table: 
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Compression 

75  000  to  85  000 

40  000 

18 
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60  000  to  70  000 

35  000 
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42 
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Wood  in  ties  and  guard  rails  is  well  seasoned  white  oak. 

The  trusses  in  the  400-foot  span.s  are  of  the  Whipple,  double  inter- 
section, type;  all  other  trusses  are  of  the  Pratt  type.  Tension  members 
in  general  are  eye-bars  or  rods,  with  die  forged  heads  made  in  every  case 
wholly  by  ui^settiug.  Compression  members  are  built  of  plates  and 
angles,  except  in  the  viaduct,  where  they  are  of  channels.  End  posts 
and  top  chords  are  trough  shaped,  with  the  open  sides  latticed;  inter- 
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mediate  posts  have  two  plate  and  angle  sides  and  two  latticed  sides; 
lateral  struts  are  generally  from  angles  with  single  latticing  for 

central  web,  the  whole  forming    — 'I' —    a  double  T   section.     Flanges 

are  in  all  cases  turned  outward.     ':. All   girders   and   other  beams 

are  built  of  plates  and  angles.  I  beam   sections   are  nowhere 

used.  In  packing  of  eye-bars  on  pins,  j^in  moments  are  reduced  where 
practicable,  by  j^airiug  the  bars  so  as  to  give  minimum  resultant 
moment. 

The  stringers  are  in  four  lines,  two  main  stringers  almost  directly 
xmder  the  rails,  figured  for  the  total  loading,  and  two  side  stringers,  under 
outer  guard  rail,  of  half  the  strength  of  main  stringers,  to  act  in  case 
of  derailment  only.  The  stringers  being  of  an  average  length  of  almost 
25  feet,  it  was  found  economical  to  use  plates  in  the  flanges,  in  addition 
to  the  flange  angles.  In  bottom  flanges  there  is  one  cover  i^late,  put  on 
as  usual,  while  in  top  flange,  rivet  heads  being  undesirable  on  tie  bed, 
the  required  central  section  is  obtained  by  laying  a  narrow  plate  on  the 
vertical  leg  of  each  angle.  End  stringers  attach  to  end  floor  beams,  and 
nowhere  rest  directly  on  piers,  so  that  each  span  rests  wholly  on  its  four 
pedestals.  Ties,  except  where  otherwise  described,  are  8  inches  by  8 
inches  by  16  feet,  spaced  14  inches  between  centers.  There  is  an  inner 
iron  guard  rail  8  inches  from  track  rail,  and  an  outer  oak  guard  rail, 
18i  inches  from  inside  of  main  rail.  The  oak  guard  rail  is  protected  on 
its  inner  edge  by  a  2  by  3-iuch  square  root  iron  angle.  (See  floor  cross- 
section,  Plate  XLIV. ) 

Lateral  and  sway  systems  are  in  ever}-  ca^^e  adjustable,  except  be- 
tween girders  of  viaduct,  where  stiff  bracing  is  used.  Adjustment  is  by 
means  of  a  sleeve  nut  or  by  clevises,  a  clevis  being  used  for  fork  end 
where  two  rods  of  adjacent  panels,  one  in  each,  come  on  the  same  i^in. 

Further  features  of  the  various  jjarts  of  the  superstructure  are  as 
follows : 

4:00-fooi  Spans. — Diagonals  in  the  trusses  are  in  two  lengths,  joined  by 
a  i)in  passing  through  the  center  of  the  intermediate  post.  Pin  hole  in 
the  post  for  this  pin  is  enlarged,  leaving  room  for  both  post  and  diagonal 
to  assume  their  proper  directions  w^hen  span  deflects,  without  distort- 
ing either.  The  post  is  figured  for  its  full  length  from  pin  to  pin  of 
chords.  Sway  rods  1  inch  square  are  at  every  panel  point.  Depth  of 
sway  bracing  from  center  to  center  of  struts  is  23  feet  8  inches.  The  por- 
tals are  in  one  web,  covering  the  upper  half  of  end  elevation  of  span, 
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made  of  3  inch  by  3  inch  by  |  inch  intersecting  angles,  with  heavy 
ornamental  struts  at  top  and  bottom.  Clearance  from  tojj  of  track  rail 
to  bottom  of  i^ortal  is  19  feet. 

Bottom  chords  in  Panels  1  and  2  from  ends  are  stiff  members,  being 
built  of  plates  and  angles.  There  is  a  horizontal  end  stiffening  strut 
from  the  center  of  the  first  intermediate  post  to  the  center  of  the  end 
post. 

The  open  sides  of  intermediate  posts  are  parallel  to  the  center  line 
of  the  bridge.  Floor  beams  are  riveted  to  j^osts  directly  above  bottom 
chord  pins,  the  posts  being  stiffened,  where  floor  beams  attach,  by 
means  of  a  center  web.  The  bottom  lateral  rods  attach  to  lower  flange* 
of  floor  beams,  which  form  the  bottom  lateral  struts. 

200-fool  and  2^0-foot  Spans. — These  spans  have  each  one  square  and 
one  inclined  end.  Intermediate  sway  rods  1  inch  squ.are  extend  the 
full  depth  of  the  trusses.  At  inclined  ends  bottom  lateral  system  trans- 
mits to  top  through  vertical  system  at  first  panel  point. 

The  floor  beams  rest  on  top  chords  directly  over  posts,  and  have 
longitudinal  knee  braces  at  their  outer  ends. 

The  top  lateral  rods  attach  to  a  plate  lying  on  the  tojj  chord  and 
serving  as  base  plate  to  the  floor  beam,  being  riveted  to  both.  This 
makes  a  compact  and  effective  connection. 

115-foot  Spans. — In  these  spans  the  ties — 8  inches  x  14  inches  x  16 
feat,  spaced  14  inches  center  to  center — -rest  directly  on  the  top  chords, 
which  are  proportioned  for  both  their  stress  as  truss  members,  and  for 
the  bending  stress  resulting  from  their  direct  loading.  Continuity  of 
chords  brings,  with  the  lower  reinforce  angles  at  panel  points,  the  points 
of  contrary  flexure  2  feet  1  inch   out  from  i^in 
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on  either  side,  so  that  bending  moments  need  to         I 
be  taken  in  the  middle  15  feet  only  of  each  sec- 
tion.    Only   the  top  flange  of  chord  needs   ad- 
dition of  material  for  strain  due  to  bending,  as  in 
the  bottom  flanges,  such  strain  is  tension  to  which  • 

is  opposed  its  regular  compression  strain  as  truss     ""^ 
member.     This  extra  section  in  top  flange  is  in  angles  a  a,  which  are 
14  feet  8  inches  long  along  central  part  of  each  chord  panel. 

Lateral  and  sway  bracing  is  similar  to  that  in  other  spans,  with  the 
only  difference  that  there  are  struts  in  the  loaded  chord  lateral  system, 
there  being  no  floor  beams. 
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Viaduct.— {Plate  XL VII).  The  1  900  feet  of  iron  viaduct  consists  of 
one  58-foot  9-incli  girder  next  to  truss  sj^an,  followed  by  twenty-one  30- 
foot  and  twenty  60-foot  6  inch  girders,  resting  on  double  bents,  forming 
towers  under  the  30-foot  spans.  The  girders  are  spaced  10  feet,  center  to 
•center;  10-inch  x  10-inch  x  12-foot  ties,  spaced  16  inches  between 
centers,  and  resting  directly  on  girders,  carry  the  track.  A  foot  walk  5 
feet  wide,  resting  on  wooden  brackets  fastened  to  sides  of  the  girders, 
■extends  the  entire  length  of  the  iron  viaduct.  The  longer  girders  have 
a  depth  of  5  feet  and  the  shorter  a  depth  of  3  feet.  Bearing  on  bents  is 
arranged  by  having  in  the  end  of  the  longer  girder  a  recess  of  equal 
depth  with  the  shorter  girder.  The  longer  girder  rests  on  the  bent  and  the 
shorter  on  the  longer.  Provision  for  expansion  and  contraction  is  made 
by  having  both  girders  slide  on  each  other  and  on  bent,  on  every  south 
bent  of  towers,  and  having  both  fixed  on  every  north  bent.  To  bring 
girders  of  unequal  depth  to  a  common  bearing  by  bending  upward  the 
bottom  flanges  of  the  longer  girder,  and  reducing  depth  of  its  web, 
entails  expensive  shop  work  in  the  bending  of  the  heavy  flange  angles, 
and  was  for  that  reason  avoided.  Arrangement  as  alcove  necessitates 
a  top  longitudinal  strut  in  the  tower,  but  such  a  strut  is  a  desirable 
feature  anyway.  Webs  in  all  girders  are  f  inch,  with  flanges,  of  section 
depending  on  length  of  girder,  made  up  of  angles  and  cover  plates. 
Lateral  and  sway  bracing  between  the  girders,  which  is  of  angles,  con- 
sists in  a  horizontal  system  riveted  to  under  side  of  top  flanges,  and 
in  cross-frames  of  the  same  dejjth  as  the  girders.  There  are  seven  such 
cross-frames  in  the  longer  and  four  in  the  shorter  spans.  Web  stiff"- 
eners  come  at  the  cross-frames,  and  half  way  between  them,  and  are  in 
every  case  of  two  3-inch  x  3-inch  |-inch  angles,  one  on  each  side  of 
•web.  No  filler  plates  are  used  under  stifteners;  ends  are  bent  to  con- 
form to  flange  angles.  Special  care  was  taken  to  have  stifieners  fit  in 
closely  to  flanges. 

The  towers  are  in  two  stories.  Main  columns  in  them  are  of  a  trough 
section,  made  of  two  channels  and  one  plate,  with  open  side  latticed, 
the  plates  being  on  transverse  outer  sides  of  towers.  The  height  of 
towers  from  top  of  pedestal  capstone  to  bottom  of  girders  varies  with 
the  grade  from  53  feet  IJ  inches  in  Tower  2,  to  38  feet  2i  inches  in 
Tower  21.  Tops  of  masonry  pedestals,  on  which  towers  rest,  are  level 
throughout. 

The  columns  fasten  to  pedestals  by  means  of  four  anchor  bolts  in 
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each.  These  anchor  bolts,  1^  inches  in  diameter,  are  built  into  the 
iseclestals,  are  four  feet  or  more  long — length  varying  to  accommodate 
thickness  of  stone  courses — and  head  on  plates  imbedded  in  the  masonry. 
The  towers  have  a  transverse  batter  of  1  in  6,  at  -nhich  batter  the  struc- 
ture is  slightly  more  than  balanced  with  no  tension  on  windward  anchor 
bolts  at  maximum  wind  pressure.  Longitudinally  the  towers  have  na 
batter.  Longitudinal  bracing  is  proportioned  to  resist  the  pull  due  to 
stopi^iug  of  the  assumed  moving  load,  friction  being  taken  at  20  per 
cent,  of  the  load. 

Workmanship  and  finish  in  superstructure  throughout  are  very  cred- 
itable. Tension  members  are  made  by  the  regular  Edgemoor  process, 
the  heads  being  made  in  one  operation,  and  are  noticeable  for  their  neat 
finish  and  uniform  good  quality. 

But  little  trouble  was  experienced  in  getting  material  fulfilling  speci- 
fications, and  uniform  for  the  various  classes.  In  steel  of  over  three 
hundred  specimen  tests,  the  averages  were  as  follows  : 

For  tension  steel,  limit  of  elasticity,  42  000;  ultimate  strength,  63  900;  per  cent,  of  elonga- 
tion iu  8  inches,  26.5;  per  cent,  of  reduction  of  area  at  fracture,  51. 

For  compression  steel,  limit  of  elasticity,  47  100;  ultimate  strength,  80100;  per  cent,  of 
elongation  in  8  inches,  22.7;  per  cent,  of  reduction  of  area  at  fracture,  44.5. 

A  little  less  than  8  per  cent,  of  all  tests  fell  below  requirements,  and 
the  bulk  of  the.se  were  but  little  under. 

Tests  on  finished  tension  members  (see  Table  No.  1)  were  on  the 
whole  very  satisfactory. 

Two  compression  specimens  (see  Plate  XLVIII)  being  as  nearly  as 
feasible  reduced  fac-similes  of  toj?  chord  sections  of  the  400  foot  spans, 
their  size  limited  by  the  capacity  of  the  largest  testing  machine  available, 
were  made  specially  for  testing.  They  develojsed,  fairly  closely,  the 
ultimate  strengths,  as  determined  by  formula,  it  being  in  each  case  about 
iowr  times  the  amount  of  permissible  unit  strain — (see  Table  No,  2  and 
l^late  XLVIII).  Elastic  limit  values,  if  taken  as  first  "  set "  in  shortening 
of  length  of  specimens,  were  fully  high,  but  varied  considerably  in  the 
two  specimens.  They  can  only  be  considered  as  approximately  de- 
termined by  this  test.  Deflections  showed  "  set  "  early  in  the  tests;  but 
such  "set "  was  iu  each  case,  until  test  was  well  advanced,  so  extremely 
small  as  compared  to  length  of  the  specimen,  as  to  be  of  little  impor- 
tance. 

Messrs,  J.  A.  Coll)y  and  S.  C.  Weiskopf,  M.  Am,  Soc,  C.  E.,  had 
charge  of  both  mill  and  shop  inspection  of  the  entire  superstructure. 
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TABLE  No.  1. — Tests  on  Finished  Ete-baes. 
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On  the  175-foot  spans  where  ties  rest  directly  on  top  chords,  and  the 
viaduct  where  they  rest  on  main  girders,  the  rail  being  in  both  cases  well 
within  tie  support,  deflection  of  ties  under  load  Avas  noted,  with  the 
following  results  : 


o  o 

Load— Engine  U'ith  18  ions  on  truck,  32  tons  on  drivers. 


:*-  /^  -  ,* 


^^/^>/^'   y^Ai/i  OeiX.  Tit^ 


•^r  Tr 


/2/z'-   - 


nr    ir 


Ylb-foot  span. 
Downward  deflection  of  center  of  tie  taken  on  three  ties: 

Deflectioni 

1st  Tie. — Ordinary  tie;  rail  bearings  on  it  and  on  adjacent 
ties  fair.  Deflection  with  engine  going  at  15 
miles  i^er  hour t  inch. 

2d  Tie. — Somewhat  windshaky.  One  adjacent  tie  rail 
does  not  bear.     Deflection  with  engine  going 

at  20  miles  per  honr \      " 

Deflection  with  engine  stationary i'b      " 

3d  Tie. — A  good  tie;  rail  bearings  on  it  and  on  adjacent 
ties  good.     Deflection  with  engine  going  at  ■ 
20  miles  jier  hour ro       " 

A.  i 


G 


i-    -       —         — 


S'     -  - 
lo'  -  - 


Viaduct. 
Deflection  taken  on  one  tie  only;  a  good  ordinary  tie,  rail- 
bearings  on  it  and  on  adjacent  ties  fair: 

Deflection  with  engine  going  at  20  miles  per  hour -3^2"  inch. 
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TABLE  Xo.  3. 

SUPKRSTKUCTUKE   WeEGHTS. 


Weights  in  Detail. 

Total  Weights. 

!a 
o 

og 
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>-> 

Ph 

Steel  ob  Ibos. 

Part  of  Bridge. 

Calcu- 
lated from 
Detailed 
Draw- 
ings. 

Scale. 

Calcu- 
lated. 

Scale. 

Steel. 

Iron. 

1  900'  Viaduct: 

958  638 
348  513 
480  146 

395  750 
160  917 

2  842  697 
781  939 

246  256 
129  126 

958  820 
351  320 
483  742 

405  612 
155  470 

2  905  675 
792  420 

246  005 
125  290 

1  787  297 

439  200 

60  333 

556  667 

3  624  636 

375  382 

1  793  882 

442  800 

61697 

561  082 

3  698  095 

371  295 

-fO.37 
+0.82 
-1-2.26 

-fO.79 

+2.02 

—1.09 

8126 
146  984 

145  734 

2  156  252 

79  620 

1  785  756 

2—172'  6"  spans: 

Pier  columns 

1—247'  6"  span: 
Trusses  and  bracing 

Floor 

3—396'  spans: 
Trusses  and  bracing 
Floor 

295  816 
61697 

415  348 

1  541  843 

1—197'  6"  span: 
Trusses  and  bracing 
Floor 

291  675 

Totals 



6  843  515 

6  928  851 

+1.25 

2  536  716 

4  392  135 

DISCUSSION. 

"WrLiiiAM  ScHEEZEK,  M.  Am.  Soc.  C.  E. — The  above  paper  must  be 
considered  a  valuable  contribution  to  our  bridge  literature.  I  was  jiar- 
ticularly  interested  in  the  description  of  the  superstructure  of  the  400- 
foot  spans,  and  will  venture  a  few  remarks  on  my  observations.  One 
peculiarity  of  a  Whipple  truss  of  long  span,  having  a  Pratt  truss  for  a 
lower  lateral  system,  is  the  tendency  of  the  wind  to  produce  compres- 
sive stresses  in  the  second  and  third  panels  of  windward  lower  chord.  It 
is  quite  customary,  in  bridges  of  this  type,  to  use  stiff  members  in  the 
two  end  panels  of  lower  chord,  but  in  no  instance,  to  my  knowledge, 
have  these  stiff  members  been  used  in  the  third  panel. 

A  train  of  empty  box  cars  weighing  1  000  pounds  per  lineal  foot  cov- 
ering the  entire  length  of  simu,  and  a  wind  force  of  30  pounds  per 
square  foot  on  train  and  exposed  surfaces  of  trusses,  are  the  conditions 
necessary  to  produce  compressive  stresses  in  the  panels  mentioned 
al)ove.  For  wind  on  trusses  400  pounds  per  lineal  foot  of  bridge  was 
assumed,  one-half  acting  on  upper  and  one-half  on  lower  lateral  system. 
This  assumption  may  be  considered  low.  Wind  force  on  train  was  taken 
at  300  pounds  per  lineal  foot,  as  usual.  Weight  of  bridge,  including 
floor,  3  580  pounds  per  lineal  foot.      Fig.  1  is  a  cross-section,  showing 
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points  of  application  of  wind  forces  and  vertical  loads.  It  was  further 
assumed  that  the  entire  upper  wind  forces  pass  through  the  inclined  end 
posts  to  the  abutments,  therel>y  producing  a  moment  whose  horizontal 
component  must  be  resisted  by  the  lower  chords.  This  moment  pro- 
duces compression  in  the  windward  lower  chord,  which  is  constant  for 
all  members. 

Fig.  2  is  a  diagram  showing  the  resultant  stresses  due  to  wind,  dead 
and  live  loads  in  lower  windward  chord.  In  this  instance  the  second 
and  third  panels  are  the  only  ones  which  receive  compression. 

r         JO        /:         /'         n        J/  / 


■  v^/feo 


T  S*sj3eo'-'*ireO    <f  -*S/>BO  f  -/ipoSr-v^t^tei  y.ts//oo  7^3Zl,/ei 


^  /.../, 


i' 


^« 


T 


^5 


Enlarging  the  jiin  holes  at  the  intersection  of  the  diagonal  suspen- 
sion bars  with  the  vertical  ijosts  will  certainly  relieve  the  posts  of  cross- 
strains  during  erection;  but  the  bending  stresses  in  posts  due  to  the 
eccentricity  of  the  lower  lateral  connections  will  thereby  be  increased, 
and  it  is  an  open  question  whether  for  this  reason  it  would  not  be  best 
to  hold  the  i)osts  midway.  The  end  stiffening  strut  from  the  center  of 
the  first  intermediate  i^ost  to  the  center  of  inclined  end  j^ost  cannot  be 
of  any  service,  unless  the  point  of  intersection  with  the  intermediate  post 
be  made  fixed. 


13i 


DISCUSSION"   ON   THE   SIBLEY   BRIDGE. 


The  illustrations  accompanying  the  paper  on  the  Sibley  Bridge  are: 

Plate    XXXIV.     January  18th,   1888.     Sibley  Bridge  in  progress. 
XXXV.     Compression  test  sisecimens  after  test. 
XXXVI.     Missouri  Eiver  in  vicinity  of  Sibley,  Mo.,  1887,  show- 
ing location  of  bridge. 
XXXVII.     Missouri  Eiver  in  vicinity  of  Sibley,  Mo.,  1887-1888, 
showing  erasion  of  banks  and  shifting  of  channel. 
XXXVIII.     General  profile  of  Sibley  Bridge. 
XXXIX.     Diagram  showing  rate  of  progress  in  sinking  caissons. 
XL.     General  j^lan  of  caisson. 
XLI.     Pier  No.  6. 
XLII.     Pier  No.  4. 
XLIII.     End  view  of  400-foot  span. 
XLIV.     Cross-section  of  400-foot  span. 
XLV.     General  details  of  200-foot  span. 
XL VI.     General  details  of  175-foot  span. 

XL VII.     General  details  of  viaduct,  and  cross-section  of  via- 
duct tower. 
XL VIII.     Compression  test  specimens. 
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CYLINDRICAL   WHEELS   AND   FLAT  TOPPED 
RAILS  FOR  RAILWAYS. 


By  D.  J.  Whittemore,  Past  President  Am.  Soc.  C.  E. 


"  Fool,"  said  my  Muse  to  me,  "  look  into  thy  heart  and  write." 

—Sir  Philip  Sidney. 

The  Scrap  Heap — that  inarticulate  witness  of  our  blunders,  and  the 
sepulcherof  our  blasted  hopes  ;  the  best,  but  most  humiliating  legacy  we 
are  forced  to  leave  to  our  successors — has  always,  to  me,  been  brim-full 
of  instruction. — The  Author. 


Present  practice  imposes  from  two  to  three  times  the  weight  on  rail- 
way wheels  that  was  customary  a  few  years  ago.  This  taxes  not  only 
the  permanent  way  rolling-stock  and  engine-power  to  the  utmost,  but 
also  the  genius,  and,  I  may  say,  the  courage  of  the  engineer,  in  his 
endeavor  to  secure  safety  under  the  most  trying  conditions. 

Economy  of  train  service  has  become  so  important,  that  it  is  safe  to 
say  there  will  be  no  return  to  lighter  loads  unless  it  shall  be  thoroughly 
demonstrated  that  both  safety  and  economy  require  it.  Instead  of  this 
being  the  result,  I  apprehend  that  still  further  increased  capacity  will 
be  demanded,  until  the  loads  carried  will  be  limited  on  our  standard 
gauge  only  by  the  size   of  cars  that  can  pass  over  the  line  with  sta- 
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bility  and  at  such  bigli  velocity  as  may  hereafter  be  demonstrated  as 
practicable. 

Car  wheels  and  rails  to  the  value  of  nearly  a  billion  dollars  pass  into 
the  scrap  heap  every  few  years  on  this  Continent  alone.  It  is  my  belief 
that  they  would  give  a  much  longer  service  if  they  were  designed  and 
constructed  according  to  established  and  well  known  laws  of  mechanics. 
In  this  we  have  been  too  long  the  slaves  of  j^recedent.  In  making  this 
broad  statement  I  do  not  wish  to  imply  that  through  forty  years  of  pro- 
fessional service  I  have  been  without  guilt  in  the  matter  of  which  this 
paper  treats  ;  or  that  the  persistence  in  errors  is  confined  to  American 
engineers;  for  the  particular  errors  to  which  I  alhide  j)robably  exist  in  a 
.  higher  degree  outside  our  own  country. 

If  it  is  true  that  the  tendency  is  to  heavier  loads,  and  that  the  scrap 
heaj?  claims  wheels  and  rails  which  should  be  capable  of  longer  service 
— and  I  think  there  is  no  one  who  will  dispute  it — then  there  is 
hardly  any  one  problem  that  deserves  the  earnest  consideration  of  our 
members  and  of  this  Society  more  than  the  question  of  the  relation  of 
wheels  and  rails  to  each  other.  The  disastrous  effects  produced  by  the 
monstrous  loads  i^er  wheel  must  surely  impress  us  with  the  necessity  of 
an  early  solution  of  the  problem  they  create.  It  would  be  interesting  if 
we  could  determine  what  should  be  the  tonnage  service  of  rails. 
The  report  of  the  Committee  on  the  relation  of  wheel  and  rail  to  each 
other*  indicates  that  this  is  approximately  10  000  000  tonsftOiVo  pound 
per  yard  of  tangent  rail  abraded.  If  the  section  of  rail  referred  to 
approximates  the  one  shown  in  the  report,  this  means  that  the  rail 
should  be  worn  down  about  one  millimeter.  Couard,  of  France,  esti- 
mates that  one  millimeter  of  Avear  corresponds  to  16  800  000  tons,  and 
that  a  rail  can  be  made  that  can  be  worn  down  ten  millimeters. 
Lanino  calculates  the  life  service  at  150  000  000  ;  and  Funk,  of  Ger- 
many, 125  000  000;  and  the  latter  also  states  that  a  good  rail  may  be  worn 
down  over  one-half  inch. 

Many  of  our  rails  go  into  the  scrap  heap  with  only  -jV  of  an  inch 
abradsd.  Undoubtedly  this  is  partly  due  to  poor  material  in  many  in- 
stances, but  in  the  large  sense,  I  contend,  it  is  due  to  faulty  design  of 
rail. 


*  Preliminary  Report  of  the  Coiumittco  on  the  Proper  Relation  to  each  other  of  the 
Sections  of  Rjllwiiy  Wheels  and  Rails.    Trausactiona,  Vol.  XIX,  July,  1888. 
t  The  ton  referred  to  in  this  paper  is  2  000  pounds. 
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It  is  equally  interesting  and  "i)ertinent  to  inquire  into  tbe  wear  of 
wheels  reduced  to  a  tonnage  basis.  Of  the  ordinary  cast  iron  car  wheel 
we  have  an  abundance  of  statistical  information  as  to  its  mileage  ;  but  I 
have  not  at  hand  the  requisite  data  to  permit  me  to  determine  the  ton 
service  with  that  approximate  degree  of  accuracy  desired.  Of  engine 
drivers  I  gather  something  from  an  interesting  paper  read  before  the 
Institution  of  Civil  Engineers  a  few  years  ago  by  William  Stroudly,  of  the 
London,  Brighton  and  South  Coast  Railway  of  England — that  tires  of 
locomotive  drivers,  78  inches  in  diameter,  carrying  a  weight  of  7.84  net 
tons,  wear  down  J  of  an  inch  for  each  28  000  miles  of  travel.  This 
would  indicate  that  the  service  of  this  ^  inch  w^as  56  770  000  tons,  or  for 
a  wear  of  one  millimeter,  18  000  000  tons. 

Through  the  kindness  of  our  Member,  Mr.  J.  N.  Barr,  Superintendent 
of  Motive  Pow' er  of  the  Chicago,  Milwaukee  and  St.  Paul  Eailway  Com- 
pany, lam  able  to  present  the  following  table,  on  page  136,  showing  tire 
wear  of  forty  locomotives  that  had  made  an  aggregate  of  over  6  000  000 
miles — equivalent  to  turning  one  wheel  27  000  000  miles,  and  carrying  a 
weight  of  from  14000  to  16  000  pounds  ;  from  which  we  deduce  the  re- 
sult that  a  tonnage  of  41  000  000  causes  a  wear  of  ^  of  an  inch  in  the 
tread  of  the  tire. 

Through  the  courtesy  of  Mr.   G.   W.  Ehodes,   Superintendent   of 

Motive  Powder  of  the  Chicago,  Burlington  and  Quincy  Eailway,  I  give 

tire  wear  of  several  standard  locomotives  in  use  on  his  line,  in  which 

there  is  shown  a  great  difference  in  service  in  the  use  of  tires  of  different 

thickness,  and  in  both  cases  much  lower  service  than  is  shown  by  Mr. 

Barr's  report : 

TABLE  No.  1. 

Weak  of  Tire,  Chicago,  Burlington  and  Quincy  Eailway. 


Class  of  Engine. 

Size. 

Namber 

of 
Drivers. 

Total 
Weight  on 
Drivers. 

Miles  run 
to  ^»g  Wear, 
3-inch  Tire. 

Miles  run 
to  ^'5  Wear, 
4-inch  Tire. 

15  X  22-44 

16  X  2>-44 

16  X  24-53 

17  X  24-57 

4 
4 
4 
4 

50  150 
59  238 
44  367 
48  960 

6  045 
4  675 

7  168 

8  903 

3  711 

3  387 

Eoad  engine,  forward  truck 

Koad  engine,  forward  truck 

4  937 
7  119 

Reduced  to  ton  service  for  J-inch  wear  of  tire,  the  approximate 
average  is  : 

For  3-inch  tire 31  380  000 

And  for  4-inch  tire 20  674  000 
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The  only  explanation  I  can  offer  for  the  superior  service  shown  by 
the  3-inch  tire  over  that  of  the  4-inch  is,  that  the  material  in  the  last 
must  have  been  inferior  in  quality. 

It  will  be  seen  by  this  table  that  the  tire  of  the  larger  diameter  gives 
the  best  service,  as  should  be  expected. 

As  you  are  aware,  drivei  s  are  turned  in  sets  to  suit  the  greatest 
wear  of  any  one  wheel  of  its  set,  or  rather  to  the  spot  of  greatest 
wear  of  the  most  worn  wheel  ;  hence  this  exhibit  does  not,  even  approxi- 
mately, indicate  the  loss  of  metal  due  to  abrasion  ;  but  I  give  the 
information  for  what  it  is  worth. 

Making  any  reasonable  allowance  for  this  loss  of  metal  by  turning, 
let  us  see  what  is  the  tonnage  service  of  steel-tired  33-inch  car  wheels 
under  passenger  cars  of  known  weight  and  load,  and  where  the  only 
unknown  element  of  wear  enters  to  modify  our  conclusions,  to  wit, 
wear  of  brake  shoes  ;  and  again  I  am  indebted  to  Mr.  Barr  for  this 
information  : 

Coach  No.  235,  Chicago,  Milwaukee  and  St.  Paul  Railway,  weighing 

61  500  pounds;  passenger  load,  4  500  pounds;  total,  66  000  pounds;  load 

per  33-inch  wheel,  5  500   pounds — ran  95  110  miles,    and  suffered  an 

average  loss  of   iVti^  of  one  inch  in  circumference  of  wheel.     Having 

the  wear  as  measured  on  circumference  of  wheel,  the  weight  in  pounds 

carried  by  same,  and  the   miles  run,  the  following  formula  will  give 

closely  the  tonnage  service  for  each  |  inch  tread  of  33-inch  wheel  worn 

down: 

6  X  weight  on  wheel  in  pounds  x  miles  run      _, 

^-- — . . . — . — i =  Tons  service 

25  X  circumterence  wear  in  inches 

for  J -inch  direct  wear  in  thickness  of  tire. 

In  the  case  above  cited  the  tonnage  service  for  J  inch  wear  was: 

'  '"of"  'Jo  ""=164  757  428. 

In  further  testimony,  I  offer  the  following  table  of  average  circum- 
ference wear  of  33-inch  steel  tired  car  wheels  of  the  j)assenger  equipment 
of  the  Chicago,  Milwaukee  and  St.  Paul  Railway,  given  by  Mr.  Barr, 
from  which  I  deduce  from  the  formula  stated  the  tonnage  service  for 
wear  down  of  tread  for  J  of  an  inch  as  shown.  The  average  circumfer- 
ence wear  is  that  of  two  wheels  on  the  same  axle: 
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TABLE  No.  3. 
Weab  of  Steel  Tiked  Wheels,    3o-inoh  Diameter,  Chicago,    Mtl- 

WAXJKEE  AND   St.    PaTJIj    EaILWAT. 


Weight  of  Car 

No.  of 

Weight 

^ 

Wear  in  inches, 

Tons  Service  to 

with 

Wheels  to 

per  Wheel. 

Miles  Run. 

measured  ou 

|-inch  wear  down 

Average  load. 

each. 

Pounds. 

Circumference. 

of  Tread. 

65  800 

12 

5  483 

63  702 

.600 

139  711  226 

67  700 

12 

5  642 

77  534 

.400 

252  468  096 

64  000 

12 

5  3:^3 

.      17  029 

.1.50 

145  305  051 

80  400 

12 

6  700 

59  493 

.700 

136  663  920 

73  600 

12 

6  133 

36  067 

.250 

212  350  954 

77  500 

12 

6  458 

41  583 

.500 

128  900  646 

54  100 

8 

6  762 

41449 

.625 

107  661  256 

59  500 

8 

7  438 

80  444 

.700 

205  145  990 

54  100 

8 

6  762 

36  473 

.500 

118  382  604 

64  200 

12 

5  350 

64  872 

.650 

128  147  150 

81300 

12 

7  608 

30  683 

.375 

149  399  208 

81300 

12 

7  608 

76  470 

1.275 

109  543  923 

47  000 

8 

5  875 

72  795 

.600 

171  068  250 

69  200 

12 

5  267 

95  446 

1.100 

109  683  072 

79  600 

12 

6  633 

51  259 

.550 

148  364  049 

64  000 

12 

5  333 

47  132 

.450 

134  055  976 

78  100 

12 

6  508 

25  023 

.200 

200  105  380 

59  800 

12 

4  893 

69  653 

.800 

102  263  638 

79  600 

12 

6(533 

55  660 

.350 

253  160  763 

77  900 

12 

6  492 

54  083 

.775 

108  729  858 

50  500 

8 

6  325 

47  997 

.700 

104  084  922 

65  200 

12 

5  433 

60  884 

.500 

158  775  730 

65  700 

12 

5  475 

68  591 

.850 
Average 

106  080  675 
149  132  710 

From  the  same  source  I  gather  the  following  data  in  reference  to  the 
performance  of  4:2-inch  steel  tired  wheels  with  cast   iron   hubs,    and 
reducing  to  tonnage  service  for  direct  wear  of  I  inch  the  formula, 
Mileage  x  weight  in  pounds  on  wheel 


5-1%  X  circumference  wear  in  inches 


=  Tons  service, 


is  used.* 


Weight  of  Car 

and 
Average  Load. 

Number  of 
Wheels. 

Weight  per 
Wheel. 

Miles  Run. 

Wear  in  inches. 
Circumference 
Measurement. 

Tons  to  1  inch 
Wear. 

82  000 

12 
12 

6  833 
6  833 

105  439 
93  503 

.900 

.600 

Average 

1S1  (Ifil  ROi. 

82  000 

177  544  268 

*  Since  this  paper  was  dictated  the  author  has  devised  the  following  conveuient  for- 
mula for  determining  tons  service  of  wheels  for  a  wear  down  of  tread  of  J  of  an  inch, 
applicable  to  wheels  of  any  diameter,  ia  which  formula 

a  =  reduced  circumferouce  of  wheel  through  wear  in  inches. 

b  =  miles  run  to  produce  such  wear. 

c  =  weiglit  in  pounds  ou  wheel. 

d  =  diameter  of  wheel  in  inches  while  in  service. 

7.92    6. 


d. 


=  Tons  service. 
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Through  the  kindness  of  our  Member,  Theodore  N.  Ely,  General 
Superintendent  of  Motive  Power  of  the  Pennsylvania  Railway  Company, 
the  following  table,  showing  the  weights  per  wheel  carried  on  that  line, 
is  compiled.  The  freight  tariff  of  that  company,  however,  permits 
64^000  pounds  i)aying  load,  where  60  000  is  stated  in  this  table. 

TABLE  No.  4. 
Passenger  Equipment  Caks. 


Kind  of  Car. 


Passenger..., 
Baggage  .... 

Express 

Postal 

Combination 
Emigrant . . . . 


Weight. 

Load. 

No.  of 

Pounds. 

Pounds. 

Wheels. 

50  000 

7  830 

8 

34  700 

16  000 

8 

32  500 

14  000 

8 

58  000 

20  000 

12 

39  500 

16  000 

8 

36  500 

7  830 

8 

Weight  on 
each  Wheel.* 


6  902  pounds. 
6  011 

5  486 

6  174 
6  611 
5  867 


Weight  of  passenger  car  axle 326  pounds. 

"  "     Avheel 540 

Freight  Equipment  Cars. 


Kind  of  Cak. 

Weight. 
Pounds. 

Load. 
Pounds. 

No.  of 
Wheels. 

Weight  on 
each  Wheel. t 

30  100          60  000 
27  800          60  000 
23  500          60  000 

8 
8 
8 

10  682  pounds. 

10  435 

9  797 

Weight  of  freight  car  axle 400  pounds. 

Weight  of  freight  car  wheel 540         " 


Locomotives. 


Class. 

Diameter 

of  Driving 

Wheels. 

Diameter 
of    Truck 

Wheels. 

Weight 

on 
Drivers. 

Weight 

on 
Truck. 

Weight 
on  each 
Driver. 

Weight  on 

each   Truck 

Wheel.  + 

68  inches. 

62 

62 

68 
50 

78 

33  inches. 

33 

33 

33 

28 
33 

64  000 

57  700 

58  300 
67  800 

100  600 
64  900 

29  500 
33  600 
33  600 
32  80i) 
14  025 
31800 

16  000 
14  425 
14  575 
Ifi  mo 
12  575 
16  225 

7  375 

N     '<:::::::: 

8  400 

0            "         

8  400 

p        ••      

8  200 

R   Freight 

K   Express  passenger 

7  012 
7  950 

*Weight  on  each  wheel  is  exclusive  of  weight  of  wheel. 

tWeight  on  each  wheel  is  exclusive  of  weight  of  wheel.    Weight  of  box  and  stock  cars 
includes  air  brakes  fixtures. 

JWeight  on  each  wheel  includes  weight  of  wheel. 
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Tendebs. 


Kind. 


Weight. 
Pounds. 


Passenger 29  300 

Freight '     29  000 


Load. 
Pounds. 


35  250 
40  300 


No.  of 
Wheels. 


Weight  on 
each  Wheel.* 


7  528  pounds. 

8  127 


When  we  make  allowance  for  wear  due  to  brake  shoes  and  the  flow 
of  metal,  the  tonnage  service  for  abrasion  due  to  rail  contact  will  be 
largely  increased.  How  it  is  that  there  is  such  disparity  between  en- 
gine drivers  and  passenger  wheel  tonnage  service  will  api^ear,  if  my  prem- 
ises are  correct,  further  on. 

In  fact,  there  are  so  many  varying  and  conflicting  conditions,  and  so 
much  data  wanting,  such  as  loss  by  corrosion,  etc.,  that  it  seems  about 
as  impossible  to  determine  a  fair  expression  for  abrasion  due  to  rolling 
load  alone,  as  to  have  the  Missouri  Eiver  act  according  to  mathematical 
formulas.  I  submit  that  the  facts  presented  indicate  pretty  clearly  that 
failure  docs  not  result  so  much  from  abrasion  as  from  some  other  cause. 

To  secure  increased  service  of  wheels  and  rails,  the  remedy  proposed 
by  the  author  is  indicated  by  the  cajstion  of  this  paper,  to  wit, 
"  Cylindrical  Wheels  on  Flat  Topped  Kails."  I  do  not  wish  it  under- 
stood that  I  mean  that  the  entire  width  of  rail  top  should  be  flat,  or 
that  if  made  flat  it  could  continue  so  for  any  great  length  of  time. 
The  diff"erence  in  gauge  between  wheel  flanges  and  rails  permits  a  lateral 
movement  of,  say,  §  of  an  inch,  or  morp.  Owing  to  diff"erence  of  wear  by 
reason  of  wheels  running  to  or  from  flailge,  a  curve  characteristic  of  this 
wear  is  produced,  and  which  will  extend  along  the  line  of  bearing  from 
the  flange  contact,  a  distance  equal  to  at  least  one-half  of  this  lateral 
movement  of  wheels  on  raUs,  making  the  origin  of  the  curve  about  |  of 
an  inch  from  the  side  of  the  rail  head.  This  will  hold  true  also  for 
both  toj?  corners  of  the  rail.  The  balance  of  the  rail  top,  I  contend, 
should  be  flat. 

When  the  subject  of  rails  was  under  discussion  at  our  last  annual 
convention,  our  Past  President,  J.  B.  Francis,  gave  us  the  key  to  the 
solution  of  the  jiroblem,  and  this  was,  that  the  material  composing 
wheels  and  rails  should  not  be  subjected  to  pressures  beyond  their 
elastic  limit.     It  is  now  over  a  dozen  years  since,  in  an  evening's  discus- 


*Weight  on  each  wheel  is  exclusive  of  weight  of  whet-l. 
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sion  with  the  late  lamented  C  Shaler  Smith,  M,  Am.  Soc.  C.  E.,  we  had 
under  consideration  the  subject  of  elasticity.  The  result  of  my  calcula- 
tions was,  that  driving  wheels  of  locomotives,  as  then  loaded,  must  have 
a  diameter  of  about  17  feet,  to  keep  the  contact  between  it  and  the  rail 
within  the  elastic  limit.  Calculations  since  made  convince  me  that  this 
was  an  under-estimate. 

It  is  hardly  necessary  for  me  to  direct  your  attention  to  the  fol- 
lowing sketch  as  illustrating  our  practice,  as  shown  in  Fig.  1,  Plate 
XLIX.  The  author's  proposed  arrangement  is  shown  in  Fig.  2,  without, 
however,  endorsing  the  section  of  rail  shown  below  the  line,  A  B. 

As  children  we  listened  with  interest  to  the  story  of  the  genius 
shown  in  the  invention  of  the  coned  wheel  for  I'ailway  purposes;  and 
were  told  that  without  it  curved  lines  could  not  be  operated,  etc. 
"What  are  the  facts?  A  new  wheel,  constructed  in  accordance  with  the 
rules  of  the  Master  Car  Builders'  Association,  is  coned  to  suit  a  curve 
of  about  5  000  feet  radius,  and  no  other;  and  after  six  months'  use,  as 
shown  by  the  preliminary  rejjort  of  your  Committee,  such  wheels  are 
either  worn  hollow  at  the  flange  or  from  the  flange;  so  much  so,  that 
in  at  least  one-third  the  instances,  in  passing  curves,  the  inner  wheel 
travels  on  its  greatest  diameter,  and  quite  often  the  outer  wheel  travels 
on  its  least  diameter — ^et  such  wheels  are  operated  safely.  The  German 
investigator  Krliger  (see  Vol.  86,  Inst.  C.  E.)  proves  by  analyses  what  is 
apparent  to  all  of  us,  that  rolling  friction  is  largely  augmented  through 
this  device.  I  understand  that  the  Association  of  Master  Car  Builders, 
at  its  meeting  some  two  years  ago,  decided  by  a  majority  of  three  of  the 
members  in  attendance  at  its  convention  to  continue  this  jDractice;  but 
that  a  large  majority  of  those  eminently  practical  men  who  were  not  in 
attendance  were  vigorously  opposed  to  it. 

The  form  of  rail  shown  in  Fig.  1,  Plate  XLIX,  is  that  lately  recom- 
mended by  Sandberg  for  100-pound  rail,  and  which  has  a  curved  top  of  6 
inches  radius,  and  from  the  sketch  it  is  seen  that,  in  so  far  as  the  elasticity 
wheel  and  rail  will  permit,  it  is  about  the  best  arrangement  that  can  be 
devised  to  concentrate  the  stress  on  a  point  and  have  the  travel  of  the 
wheel  on  a  line.  These  are  conditions  that  are  revolting  in  a  mechanical 
light — conditions  we  would  not  attempt  to  reproduce  in  almost  any  other 
mechanical  device.  While  this  condition  prevails  with  new  car  wheels, 
engine  drivers  are  generally  turned  cylindrical,  and  the  work  done  by 
them  and  the  car  wheel  tends  to  drive  down  this  arch  of  the  rail  as  a 
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wedge,  and  by  flow  of  metal  to  make  it  flatter,  at  the  same  time  produc- 
ing characteristic  curves  of  wear  on  the  wheels,  often  resulting  in  shat- 
tering and  piping  the  rail  heads,  with  but  little  loss  of  material  from 
direct  wear.  This  flattening  of  the  rail  from  an  original  radius  of  10  or 
12  inches  to  over  14  inches  is  well  ilhistrated  in  the  report  of  your  Com- 
mittee. 

Mr.  Octave  Chanute,  M.  Am.  Soc.  C.  E.,  many  years  ago  gave  us 
the  results  of  his  measurements  of  the  area  of  contact  between  wheels 
and  rails,  and  the  writer  quite  recently  made  measurements  in  a  similar 
manner,  the  results  of  which  it  may  be  projier  to  reproduce  here. 
However  crude  the  manner  of  taking  the  impressions  may  have  been, 
I  know  of  no  other  convenient  method  of  securing  them. 

My  first  test  was  with  an  engine  having  four  driving  wheels,  each 
carrying  16  000  pounds;  diameter  of  wheels,  70 inches;  tires  much  worn; 
and  on  a  steel  rail  five  years  in  constant  service.  A  composite  picture 
of  all  these  apparent  areas  of  contact  shows  an  egg-shaiied  oval,  having 
a  major  axis  across  the  rail  of  1  /inf  inches,  and  a  minor  axis  along  the 
rail  of  1  inch,  inclosing  an  area  of  It  uir  square  inches. 

My  second  test,  with  an  engine  having  six  driving  wheels  of  62  inches 
diameter,  carrying  13  800  pounds,  with  tires  that  had  been  in  service  six 
months,  gave  a  similar  figure  of  contact,  with  a  major  axis  of  1.27  inches 
and  a  minor  axis  of  -jVu  of  an  inch,  inclosing  an  area  of  fo%  of  a  square 
inch.  Through  such  contacts  is  transmitted  the  power  exerted  by  our 
locomotives,  not  only  in  their  direct  compressive  force,  but  also  in  their 
pulling  capacity  of,  say,  4  000  pounds  on  the  lamina  of  the  rail.  Is  this 
the  one  spot  in  our  earthly  domain  to  which  we  cannot  apply  reason? 
The  ingenuity  of  man  has  been  able  to  formulate  the  approximate  horse- 
power of  the  earthquake,  finding  the  factors  in  shattered  towers  and  dis- 
mantled homes;  must  that  ingenuity  stand  appalled  before  this  point  of 
contact  between  wheel  and  rail?  If  so,  we  should  exclaim  with  more 
effectiveness  than  did  Ladt/  3Iucheth,  "  Out,  damned  spot!" 

It  is  on  this  spot  where,  if  the  statement  made  in  a  paper  now  before 
this  Society  is  construed  literally,  occurs  that  miraculous  chemical 
action,  "the  molecular  interlocking  of  the  fibres"  of  a  non-fibrous 
substance;  but  I  suppose  wo  all  know  the  meaning  intended  by  this 
sentence. 

To  me,  and  doubtless  to  many  other  members  outside  of  some  of 
your  Committee,  the  solution  of  this  problem  rests  in  having  a  flat  and 
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suflSciently  broad  surface  to  tlie  rail  to  support  not  conical  hut  cylin- 
drical wheels,  to  keep  the  pressures  within  the  elastic  limit  of  the  metal. 
Eight  here  we  are  met  by  the  statement  that  it  is  not  clear  that  "in- 
creased bearing  surface  is  in  itself  an  advantage;"  and  when  we  attempt 
anything  like  an  analytical  inquiry,  we  are  met  by  ex  cathedra  state- 
ments "that  to  such  bearing  surfaces  the  ordinary  comi^ression  moduli 
of  the  text  books  have  no  application  whatever.  *  *  *  To  apply 
these  constants  to  the  bearing  surfaces  of  spheres  or  cylinders  laid  on 
their  sides,  or  to  draw  conclusion  that  pressures  exceeding  them  are 
therefore  dangerous  or  destructive,  is  entirely  unwarranted.  No  attempt 
has  ever  been  made,  nor  can  there  well  be,  to  determine  constants  for 
such  round  bodies,  etc.,  and  in  good  bridge  practice  it  is  considered 
entirely  safe  to  load  steel  rollers  rolling  on  steel  up  to  the  equivalent 
of  10  000  pounds  per  lineal  inch  for  a  33-inch  wheel." 

I  heartily  wish  that  all  abstruse  questions  in  engineering  were  as 
well  settled  in  the  minds  of  engineers  as  these  appear  to  be  in  the  minds 
of  some  of  your  Committee.  Ordinarily  it  is  time  wasted  to  attempt  an 
argument  before  a  jury  that  has  already  rendered  its  verdict  on  the  im- 
portant questions  at  issue;  and  I  triist  that  this  Committee  will  pardon 
me  if  I  shall  overcome  my  natural  modesty,  and  apjDeal  to  those  of 
my  readers  whose  minds  are  ojien  to  conviction,  to  exercise  patience 
while  I  call  their  attention  to  the  labors,  text  book,  and  formulas  of 
one  more  astute  than  the  celebrated  character  in  "  Hudibras  ": 

"Who  could  distinguish  and  divide 
A  hair  twixt  south  and  south-west  side, 
And  wisely  tell  what  hour  o'  the  day 
The  clock  does  strike,  by  Algebra." 

I  mean  Professor  Frederick  Grashof,*  of  the  Polytechnic  School  at 
Carlsruhe,  one  of  whose  formulas  has  been  extensively  used  in  this 
country  for  determining  constants  for  rollers  on  plane  surfaces  in  nearly 
every  first-class  bridge  specification  for  many  years;  and  heretofore 
referred  to  by  our  Member,  Mr.  Charles  Macdonald,  with  teUing  effect, 
in  his  criticism  of  C.  Shaler  Smith's,  M.  Am.  Soc.  C.  E.,  paper  on  draw- 
bridges, published  in  our  Transactions  as  long  ago  as  1874,  and  in  the 


*  Theorie  der  Elasticitat  und  Festigkeit  mit  Bezug  auf  ihre  Anweudungen  in  der 
Technik,  von  Dr.  F.  Grashof,  Grossh.  Badischer  Geheimer  Kath  und  Professor  am  Polytech- 
inkum  zu  Carlsruhe. 
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same  volume  coutaining  the  report  on  rails  made  by  our  lamented  Past 
President,  Aslibel  "Welch,  as  Chairman^  in  which  report  is  repeated  six 
or  eight  times  the  necessity  of  securing  greater  width  of  contact  between 
wheel  and  rail.  In  making  use  of  these  formulas  in  constructing  the 
following  table,  the  moduli  was  assumed  by  me  at  the  values  stated,  after 
an  examination  of  the  tests  made  by  our  Member,  Mr.  Christie,  and  re- 
ported in  our  Transactions  some  years  ago.  It  will  be  seen  in  the  table 
of  tests  of  steel  in  rails  of  the  Chicago,  Burlington  and  Quincy  Railway, 
hereinafter  given,  that  the  modulus  of  resistance  is  somewhat  lower 
than  I  have  assumed  in  some  instances,  and  much  greater  in  others.  I 
have  utterly  failed  in  my  attemjat  to  secure  any  data  relating  to  the 
moduli  of  chilled  cast-iron;  hence  you  will  consider  the  results  of  my 
calculations  in  this  table  as  applying  to  steel  wheels  on  steel  rails.  The 
table  is  not  given  as  a  play  upon  figures,  but  as  an  educator  of  the  judg- 
ment. It  has  had  that  efiect  with  me,  and  I  trust  it  will  not  be  without 
interest  to  others  who  have  not  given  this  subject  their  particular  at- 
tention. 

Table  on  opposite  page,  showing  allowable  pressures  of  wheels  on  rails  with  curved  tops; 

also  on  rails  with  flat  top  surface. 
Assuming  different  values  of  K  and  in  which  formulas 

K  =  Elastic  limit  per  square  inch  and  such  portion  thereof  as  may  be  deemed  safe; 

Designated  KiK.^K^K,. 
E  =  Modulus  of  elasticity  of  wheel. 
El  =  Modulus  of  elasticity  of  rail. 
R  =  Radius  of  wheel. 
Ri  =  Radius  of  rail  top. 
P  —  Allowable  pressure  of  wheel  on  rail.    For  rails  with  curved  top  the  formula  is 

For  rails  with  flat  top  the  formula  is  : 


i32  /  1  1  \ 

/g"  \;^  +  ^/-^^-'^  =  -^=  pressure  per  lineal  unit  of  tread. 

In  this  table  the  assumed  modulus  of  wheel  tread  29  000  000,  and  for  the  rail  30  000  000. 
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TABLE  No.  5. 


Radii  of  Wheel 

Weight    on 

Assuming 

the  value  of  K  aa  stated,  the  weight 

on  wheels 

and  head  of  rail. 

wheels,  ac- 

can be  as  follows  : 

cording  to 
recent 

Wheel. 

RaiL 

practice. 

^  =  40  000 

iTi  =  35  000 

K.^=  30000 

jFC,  =  25  000 

K^=  20  000 

5" 

8" 

5  722 

4  367 

3  212 

2  225 

1422 

5" 

10" 

6  398 

4  882 

3  591 

2  488 

1590 

5" 

12" 

o 

7  008 

5  348 

3  934 

2  725 

1  741 

5" 

14 

B 

7  570 

5  777 

4  250 

2  944 

1  881 

35" 

16" 

m 

8  093 

6  176 

4  543 

3  147 

2  011 

35" 

18" 

.9 

8  584 

6  515 

4  819 

3  338 

2  133 

30" 

8" 

5  298 

4  043 

2  974 

2  060 

1316 

SO- 

10" 

m       3 

5  923 

4  520 

3  325 

2  303 

1472 

SO- 

12" 

6  489 

4  952 

3  643 

2  523 

1612 

SO" 

14" 

n      o 

s    ^ 
s   s 

7  008 

5  348 

3  934 

2  725 

1741 

30" 

16" 

7  492 

5  718 

4  206 

2  913 

1862 

so- 

18- 

7  947 

6  065 

4  461 

3  090 

1975 

27" 

8" 

§  s 

5  026 

3  835 

2  821 

1954 

1249 

27" 

10" 

5  619 

4  288 

3  154 

2185 

1396 

27" 

12" 

2     § 

6  156 

4  698 

3  456 

2  394 

1530 

27" 

14" 

6  649 

5  074 

3  732 

2  585 

1652 

27" 

16" 

i  5 

7  108 

5  424 

3  990 

2  764 

1768 

27" 

18" 

7  539 

5  753 

4  232 

2  931 

1873 

24- 

8" 

c^ 

4  738 

3  616 

2  660 

1842 

1177 

2i" 

10" 

g 

5  298 

4  043 

2  974 

2  060 

1316 

24" 

12" 

p 

5  804 

4  429 

3  258 

2  257 

1442 

24" 

14" 

E^ 

6  268 

4  784 

3  519 

2  437 

1558 

24" 

16" 

6  701 

5  114 

3  762 

2  606 

1665 

24" 

18" 

7  108 

5  424 

3  990 

2  764 

1  766 

21" 

8" 

-^  X  g 

4  432 

3  382 

2  488 

1723 

1101 

21" 

10" 

totio  — 
95o  a 

4  955 

3  782 

2  782 

1927 

1231 

21" 

12" 

5  429 

4  143 

3  048 

2  111 

1349 

21" 

14" 

'p.  fig  2 

5  863 

4  475 

3  292 

2  280 

1457 

21" 

16" 

S^— « o  o 

6  268 

4  784 

3  519 

2  437 

1558 

21" 

18" 

a)       Qo     ""  s 

6  649 

5  074 

3  732 

2  585 

1652 

16>i' 

8" 

"  g  -r*  o  fl  a 

3  929 

2  998 

2  205 

1528 

976 

16,1^" 

10" 

«  -  •  a  m  2  » 

4  392 

3  352 

2  466 

1708 

1091 

161^" 

12" 

4  812 

3  672 

2  701 

1871 

1196 

16>i" 

14" 

^£5oaS- 

5  198 

3  966 

2  918 

2  021 

1291 

163^" 

16" 

5  556 

4  240 

3  119 

2  160 

1381 

16>^" 

18" 

o  tog  ^lajo 

5  894 

4  498 

3  308 

2  292 

1464 

35" 

Flat  top 

23  243 

19  025 

15  097 

11482 

8  134 

30" 

" 

21519 

17  614 

14  086 

10  630 

7  530 

27" 

" 

20  415 

16  710 

13  260 

10  085 

7  144 

24" 

" 

19  248 

15  755 

12  502 

9  508 

6  736 

21" 

" 

18  006 

14  738 

11695 

8  895 

6  301 

16>r' 

15  959 

13  063 

10  366 

7  884 

5585 
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These  formulas  for  the  values  of  K,    /i",,  /t'o,  K^  and   ^^4  can  be 
reduced  to  expressions  as  follows,  viz. : 


For  CriiiNDER  on  CxiiiNDER: 
7i'  =40  000.  P  =  ^^2^^r^^ 
K,  =  35  000.  P^261  ^bTbT, 
K.,  =  30  000.  P  =  192  yWlil 
A^3  =  25  000.  P  =  133y'^K^ 
A'4=20  000.    P=    S^-y/JTRl 


For  Cylinder  on  Flat  Track: 
P  =  3929  ^—R- 
P  =  3216  y-S- 
P  =  2552  y/^R- 

p  ^  i9ii  y^R- 
p  =  1375  y^R- 


The  formula  I  wish  to  call  your  attention  to  first,  is  that  which 
apjjlies  to  cylinders  in  contact  and  having  their  axes  transversely  to 
each  other — precisely  the  condition  that  prevails  with  wheels  and  rails. 
It  may  be  claimed  that  the  moduli  assumed  are  not  correct.  My 
answer  is,  assume  any  other  within  reason,  and  then  deduce  results. 
It  is  true  that  these  formulas  apply  to  the  cylinder  or  wheel,  but  in 
degree  they  apply  with  equal  force  to  the  rail;  or,  to  put  it  in  the 
language  of  a  late  editorial  in  the  Engineering  Neics  on  this  question: 
"  It  is  a  fair  presumption  that  whatever  wears  the  rail  most  wears  the 
wheel  most." 

No  words  of  mine  are  needed  to  give  weight  to  the  deduction  that 
can  be  drawn  from  this  table.  Of  course  it  is  nonsense  to  contemplate 
the  use  of  driving  wheels  of  30  feet  and  over  in  diameter  to  keej)  within 
the  elastic  limit  of  rails  having  a  rounded  head  of  12  inches  radius. 
Note  what  results  are  given  for  wheels  on  flat  surfaces.  Please  bear  in 
mind  that  these  figures  apply  only  to  static  conditions  of  loads  ; 
what  should  be  the  practice  when  we  add  that  indefinite  quan- 
tity due  to  momentum  or  impact,  imperfect  wheels  and  track,  and 
unbalanced  locomotives  at  high  speeds?  Our  wonder  is  not  that  rails 
fail  so  soon,  but  that  they  last  so  long! 

It  is  my  claim  that  this  table  at  once  suggests  the  remedy — which  is, 
that  without  the  necessity  of  increasing  diameter  of  wheels,  we  should 
provide  a  contact  between  wheel  and  a  flat  surface  of  rail  of  from  2-4  to 
2 J  inches  wide,  making  the  total  width  of  head,  after  l^ro^'idiug  for 
corner  curves,  from  3i  to  3i  inches.  In  arriving  at  this  conclusion  I 
have  taken  for  my  factor  of  safety  that  given  in  the  use  of  the  value  of  Kay 
althougli  that  derived  from  K^  corresponds,  in  my  ojiinion,  more  nearly 
with  good  bridge  i)ractice — the  statement  of  some  of  your  Committee  to 
the  contrary  notwithstanding. 

The  merit  I  attach  to  these  formulas  rests  not  alone  in  their  deter- 
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mination  through  rigid  analytical  and  logical  reasoning,  but  that  they 
accord  with  common  sense. 

It  is  true,  as  reported  by  your  Committee,  that  our  rails  fail  with 
little  material  abraded  from  the  top.  The  fact  is,  they  are  crushed, 
after  flow  of  metal  has  reached  its  limit;  they  fail,  like  all  other  crystal- 
line substances  when  overtaxed,  by  rapid  disintegration  and  not  abra- 
sion, and  it  is  the  exception  to  find  in  the  scrap  heap  a  rail  with  the 
head  well  worn  down. 

If  my  premises  are  correct,  that  a  wider  bearing  surface  is  necessary, 
the  question  naturally  arises,  can  such  forms  be  rolled?  A  way  is 
always  found  to  do  that  which  must  be  done  ;  but  if  this  width  of  rail 
head  shall  prevail,  then  the  indications  are  that  the  Sandl)erg  pattern  of 
T  rail — with  its  sacrifice  of  from  one  to  two  j)ounds  per  yard  in  reinforc- 
ing the  two  cantilevers  of  its  head  to  accommodate  sj)lice  bars  that,  in 
themselves,  restore  the  rail  to  only  one-half  of  its  strength  as  a  girder 
where  intact — must  be  a  thing  of  the  past. 


Fig.  3. 


VB' 


is 
V 

\ 


In  search  of  moduli  for  use  in  Professor  Grashof's  formulas,  I  have 
secured,  again  through  the  kindness  of  Mr.  G.W.  Rhodes,  of  the  Chicago, 
Burlington  and  Quincy  Railway,  the  results  of  test  specimens,  cut  from 
the  heads  of  new  and  old  rails,  which  are  given  in  the  following  table: 

I  have  also  secured   (from  George  Gibbs,  Mechanical  Engineer  of 
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the  Chicago,  Milwaukee  and  St.  Paul  Eailway  Company)  tests,  chemical 
analyses  and  photographic  representations  of  etched  rails  that  have 
received  severe  service,  which  are  given  in  the  following  table  and 
sketches: 

TABLE  No.  6. 
Test  of  Rail,  Chicago,  Burlington  and  Quincy  Eailway. 


When 
Made. 

Weight  per 

Tensile  Strength 

Elastic  limit 

Per  cent. 

Older 
New  Rail. 

Maker. 

Yard. 

in  loounds  per 

per  square 

Elongation 

Pounds. 

square  inch. 

inch. 

in  4  inches. 

1887 

F 

66 

319  000 

60  100 

10.15 

New 

1887 

F 

66 

120  800 

61500 

9.30 

18S7 

F 

66 

124  100 

65  800 

9.00 

« 

1887 

F  • 

66 

126  700 

68  100 

6.25 

■< 

1887 

F 

66 

107  022 

55  100 

12.10 

i> 

1887 

F 

66 

]04  400 

55  800 

6.25 

« 

1887 

F 

66 

120  437 

63  400 

9.96 

<( 

1887 

F 

06 

120  100 

62  900 

10.15 

>c 

1871 

F 

66 

75  350 

42  000 

16.40 

Old 

1871 

F 

66 

66  130 

38  700 

9.40 

1878 

F 

66 

76  800 

45  600 

19.50 

11 

1878 

F 

66 

79  600 

50  500 

18.75 

« 

1878 

F 

66 

80  000 

50  700 

20.00 

■  • 

1878 

F 

66 

76  000 

47  100 

20.00 

0 

1878 

F 

66 

76  200 

44  300 

22.26 

<> 

1888 

A 

66 

87  9U0 

40  000 

18.00 

New 

■1888 

A 

66 

87  200 

39  900 

18.35 

G 

60 

101  500 

42  414 

6.25 

Old 

1879 

A 

66 

114  900 

52  800 

14.18 

1880 

F 

66 

74  606 

35  185 

30.00 

(1 

1880 

H 

66 

81150 

36  200 

26.56 

,1 

1882 

I 

66 

92  300 

46  500 

15.60 

New 

1884 

I 

66 

106  400 

78  300 

1885 

C 

66 

109  800 

51600 

12!  08 

« 

1885 

C 

66 

111  200 

52  600 

14.38 

<< 

1886 

A 

66 

102  700 

52  000 

15.62 

■< 

1886 

J 

66 

93  300 

48  132 

21.00 

•  < 

1886 

J 

66 

126  200 

65  235 

10.00 

X 

1879 

K 

56 

80  285 

37  650 

22.00 

Old 

1879 

K 

56 

81  280 

38  100 

21.50 

1880 

H 

66 

83  800 

21.00 

" 

It  will  be  observed  that  these  tests  do  not  show  any  remarkable 
change  through  use.  I  take  it  as  a  fact  that  the  cutting  of  test  speci- 
mens relieves  them  from  the  internal  stresses,  as  is  supposed  to  be  the 
case  in  reaming  punched  rivet  holes  in  steel  plates. 

While  the  appearance  of  the  photographic  etchings  can  be  some- 
times observed  in  new  rails,  owing,  as  is  believed,  to  faulty  manufacture 
or  of  design,  yet  fractures  of  this  rail  before  use  did  not  show  such 
defects  of  .structure.  It  is  the  slow  but  fatal  development  of  an  inter- 
nal organic  disease  in  a  structure  that  is  not  organic,  if  we  mav  borrow 
an  idea  from  a  present  report— a  sort  of  tuT)erculosis  disease,  with  its 
slow- forming  cavities.     (Plates  LI,  LII,  LIII,  LIV,  LA'.) 
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TABLE  No.  7. 
Tests  of  Steel  Rails,  Chicago,  Milwaukee  and  St.  Paul  Railway  Company. 


& 

. 

i 

s 

^Z 

^ 

<!> 

a 

s 
is 

1 
o 

Material. 

1 

Cm 

o 

111 

H 

a 

> 

1 

a 

O  . 

0  s 

Si 

it 

1 

S 

3 

u 

Si 

"  1 

a 

H 

Si'^ 

^ 

^ 

^1 

5 

K 

^ 

s, 

p< 

(H 

PLh 

1^ 

H 

o 

a 

66-pound  steel  rail. 

.35 

1.35 

.025 

.069 

60      •■ 

67      "              '1 

6S      " 

A 
B 
B 

.45 
.263 

.2.W 
.283 

1.63 
0.35 
0.56 
0.40 

.075 
.050 
.019 
.013 

.056 
.123 

.068 
.060 

1 
2 
3 

1. 

4. 

3. 

73  200 
109  600 
89  900 

Sept.. 
July, 

1884 
1886 
1886 

30  6 

66  •• 

1887 

24.5 

.025 

23 

Sept., 
Mar., 

July    15th 

72  ■• 

9  and  10 

C 

.314 

0.83 

.198 

.095 

0. 

82  100 

1883 

1887 

Marked  rail  west,  bright. 

47.5 

11  and  12 
J3andl4 
15  and  16 

(J 

c 
n 

.2:11 
.278 
.297 

0.55 
0.50 
0.87 

.013 
.043 
.047 

.077 
.108 
.068 

21. 
9. 
9. 

83  900 
83  100 
91  900 

Sept., 
Oct.       4tli 
Sept.  26th 

1887 
1887 

1887 

June, 

1S83 
1886 

77  " 

36.4 

liO 

17  and  18 

60       " 

A 

.34 

0.64 

.063 

.146 

21. 

83  500 

Oct., 

1H78 

July, 

1887 

Dark  gray,  fine  grain. 

41.8 

121 

19  and  20 

60      " 

A 

.42 

0.92 

.082 

.129 

7. 

88  000 

Oct., 

1878tJuly, 

1H87 

Light  gray,  coarse  grain. 

49.4 

1J2 

21  and  22 

to       " 

A 

.46 

0.97 

.10.5 

.071 

15. 

109  200 

Oct., 

1878 

July, 

1K87 

Darker  than  121.  coarser. 

47,0 

123 

23  and  24 

60       " 

A 

.48 

0.99 

.065 

.146 

2. 

80  400 

Oct., 

1876 

June, 

1887 

Light  gray,  rather  coarse. 

53.6 

124 

25  and  26 

60       " 

A 

.35 

0.84 

.119 

.140 

17. 

97  700 

Oct., 

1876 

June, 

18H7 

fine  grain. 

58.3 

125 

27  and  28 

60       " 

A 

.39 

0.72 

.097 

.157 

21. 

91700 

Oct., 

1876 

June, 

1887 

<i                ti 

47.9 

161 

31 
29  and  30 
32  and  3:j 

67       " 

A 

A 
A 

.39 
.39 
.45 

1.02 
1.08 
1.35 

.070 
.103 
.098 

.149 
.160 
.181 

Short  end. 

Dark  color,  fine  grain. 

Bright  Iracture,  fine  grain. 

51.8 

162 

19. 
1. 

99  500 
86  900 

54.7 

197 

Sept., 

1886  Sept., 

1887 

65.0 

303 

34 
35 
36 
37 
38 
39 
4U 
41 
42 
43 
44 
45 

67       ■• 

75      "   new    " 

75       "      "       " 

60       " 

60       " 

75      ••   new   " 

67      " 
60      " 
75       •• 
75       '■ 

75       " 

C 
E 
A 
F 
C 
E 
D 
D 
B 
E 
E 
F, 

.41 

.28 

.36 

.39 

.52 

.27 

.48 

.80 

.50 

.326 

.266 

.332 

0.69 
0.67 
1.55 
1.52 
1.07 
0.68 
1.00 
0.94 
1.15 
0.499 
0.536 
0.504 

.034 
.274 
.030 
.046 
.065 
.227 
.020 
.021 
.026 
.1.50 
.256 
.172 

.0.55 
.108 
.067 
.066 
.074 
.0H8 
.076 
.069 
.068 
.136 
.146 
.149 

J\ine  7tli 

1883' •'■ph.       9t.h 

1888 

34.6 

526 

23. 

7 
14. 

5. 
21. 
17. 

2. 
15. 

88  400 
114  900 
108  500 

120  200 
87  700 

102  300 
84  600 

121  700 

Dark  gray,  fine  grain. 
White  and  rather  coarse. 
Gray,  fine  graiu. 
White  and  rather  coarse. 
Fine  grain,  small  bead. 

gray. 
White,  coarse  grain. 
Almost  white,  line  grain. 
Short  end. 

47.2 

534 

51.2 

517 

52.3 

648 

49.3 

549 

42.7 

555 

44.6 

656 

43.3 

558 

47.7 

807 

42.0 

808 

46.9 

809 

44.7 

810 

46 

75       " 

E 

.288 

0.543 

.232 

.139 

45.9 

Note  —Nob.  123. 124  and  125  were  between  Langdon  and  Newport,  Minn.,  laid  on  a  26-foot  grade,  oldest  and  best  steel  on  River  Division, 
and  best  when  taken  out. 
Nos.  120,  121  and  122  were  between  Bead's  Landing  and  Wabasha,  laid  on  about  a  level. 
The  following  analyses  of  three  samples  of  75-pound  rails  were  made  at  Laboratories  at  "  A"  and  "  E  ": 
Analysis  No.  1,  made  from  a  piece  of  75.pound  rail  that  came  from  "E,"  was:  C,  0.30  percent.;  Mn.,  0.74  per  cent.;  Si.,  0.227  per 

cent.;  P.,  0.132  per  cent.;   S.,  0.053  per  cent *9.3 

Analysis  No.  2,  made  by  "  A"  this  year,  was:  C,  0.391  per  cent.;  Mn.,  1.31  per  cent.;  Si.,  0.045  per  cent.;  P.,  0.114  per  cent.;  S.,  0.071 

percent ^^-^ 

Analysis  No.  3,  an  average  analysis  made  at  "  E,"  was:  C,  0.29  per  cent.;  Mn.,  0.40  per  cent.;  Si.,  0.165  per  cent.;  P..  0.09  per  cent.; 

S..  0.03  per  cent ^** 

Test  specimens  were  cut  from  head,  as  showp,  turned  down  to  J  inch  diameter  5  inches  long. 

Geoboe  Gibbs, 
December  29th,  1888.  Mechanical  Enginttr. 


Plate  L. 


No.  1. 


eO-Pound  Steel  Kail. 


Laid  September,  1881.     Eemoved  July  15th,  1887. 

Carbon 0. 21    per  cent. 

Manganese 0.44         " 

Silicon 0.025 

Phospliorus 0.113       " 

Sulphur 0.025       " 

T.  S 88  600  pounds  per  square  inch. 

Elongation 23  per  cent,  in  5  inches. 


Plate  LI.  No.  2. 

60-Pound  Steel  Eail. 

Laid  October,  1878.     Removed  July,  1887. 

Carbon 0.42    per  cent. 

Manganese 0.92  " 

Silicon 0.082 

Phosphorus 0.129 

T.  S 88  000  pounds  per  square  inch. 

Elongation 7  per  cent,  in  5  inches. 


Plate  LII.  No.  3. 

60-Pound  Steel  Eail. 

Laid  October,  1876.     Removed  June,  1887. 

Carbon 0. 48    per  cent. 

Manganese    0. 99  " 

Silicon 0.065 

Phosphorus 0.146        " 

T.  S 80  400  pounds  i^er  square  inch. 

Elongation 2  per  cent,  in  5  inches. 


Plate  LIII.  No.  i. 

60-Pound  Steel  Eail. 

Laid  October,  1876.     Eemoved  June,  1887. 

Carbon 0.35    jiev  cent. 

Manganese 0.84         " 

Silicon 0. 119 

Phosphorus 0.140 

T,  S 97  700  pounds  -per  square  inch. 

Elongation  17  per  cent,  in  5  inches. 


Plate  LIV.  No.  5. 

Caused  "Wreck  at  Rosemount. 

Carbon 0.39    per  cent. 

Manganese 1.02 

Silicon 0.070       " 

Phosphorus 0.149 
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It  is  beyond  the  intended  scope  of  this  paper  to  treat  of  the  chemical 
composition  of  steel  rails;  yet  it  may  be  proper  for  mo  to  incorporate  an 
extract  from  a  letter  just  received  from  the  able  manager  of  the  Union 
Steel  Company  of  Chicago,  Mr.  Kobert  Forsyth,  M.  Am.  Soc.  C.  E.,  as 
follows:  "In  regard  to  your  inquiry  as  to  the  analyses  of  steel,  I  will  say 
that  we  aim  to  make  rail  steel  with :  Carbon,  ,32  to  .40  per  cent. ;  silicon, 
.04  to  .06;  phosphorus,  .09  to  .105;  manganese,  1.00  to  1.50  per  cent. 
The  amount  of  manganese  is  varied  from  time  to  time  to  suit  the 
character  of  the  metal  we  may  happen  to  be  using.  We  have  made  a 
great  deal  of  steel  with  phosphorus  lower  than  .09,  but  we  cannot,  as  a 
rule,  do  better,  nor  do  I  think  it  necessary  for  rails." 

As  a  matter  of  curiosity  he  sends  me  two  analyses  of  rails,  made  not 
long  ago,  in  which   he  determined  a  large  number  of  substances  not 
ordinarily  looked  for  in  steel.    These  analyses  should  not  be  considered 
typical  of  his  manufacture,  however.     They  are  as  follows: 
Analyses  of  Two  Samples  of  Eail  Steel. 

No.  1.  No.  2. 

Per  cent.  Per  cent. 

Carbon 410  .390 

Manganese 1.45  1.500 

Silicon 069  .063 

rhosphorus 098  .092 

Sulphur 046  .055 

Copper 007  .022 

Titanium 000  .000 

Calcium 004  .001 

Magnesium 001  Trace 

Aluminium 010  .008 

Arsenic Trace  Trace 

Antimony Trace  Trace 

S?^,^^f!- 0013  .0011 

Nickel  ) 

Specific  Gravity 7.83972  7.84395 

It  is  justly  claimed  by  the  managers  of  rail  mills  that  the  engineer 
of  permanent  way  is  deficient  in  knowledge  of  what  practicable  forms 
can  be  rolled  with  good  results;  and  it  is  also  natural  to  suppose  that 
the  proprietors  of  these  works  desire  to  limit  their  output  to  the 
amount  of  metal  that  can  be  squirted  through  their  rolls  in  the  shortest 
possible  time,  and  have  the  same  accepted. 

We  find,  however,  from  an  examination  of  forms  sent  us  by  rolling 
mill  managers,  that  they  can  roll,  with  uniformly  good  results,  as  great 
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a  diversity  of  disposition  of  metal  as  the  engineer  of  permanent  way 
offers  in  his  plans.  This,  however,  is  a  branch  of  the  subject  of  which 
it  is  not  the  jjurpose  of  this  paper  to  treat.  To  such  as  wish  light  on 
this  branch  ^I  refer  to  the  paper  on  steel  rails,  by  our  Member,  Kobert 
W.  Hunt,  read  before  the  American  Institute  of  Mining  Engineers  in 
October  last,  in  which  it  will  ajDpear  that  all  the  ills  the  rail  is  heir  to 
cannot  be  attributed  to  the  error  of  its  curved  top;  neither  do  I  so 
claim,  but  I  do  assert  that  whether  the  material  be  good  or  bad,  better 
service  will  be  secured  when  this  error  is  eliminated. 

On  Plate  LV  are  shown  sketches  of  sections  of  rail  taken  from  a 
scrap  heap  showing  how  rails  faU  with  little  abrasion. 

These  rails  were  of  the  very  best  quality  and  had  been  in  service  for 
nine  years.  Measurements  taken  of  twenty  of  them  show  a  wear  of 
less  than  -aV  of  an  inch,  and  the  loss  of  weight  about  1  pound  per 
yard.  How  mtich  of  this  was  due  to  corrosion  and  how  much  to  abra- 
sion we  do  not  know,  but  I  venture  to  say  that  there  was  twice  as  much 
from  corrosion  as  from  abrasion.  Giving  these  sections  the  curve  in 
head  that  they  originally  possessed,  and  with  the  web  jirojecting  into  it, 
can  Ave  devise  a  better  form  for  siilitting  the  rail  from  the  weight  im- 
posed by  the  wheel  than  is  presented  ?  Yet  this  is  typical  of  universal 
practice.  If  my  i^remises  are  true,  we  now  see  why  33  and  42-inch 
wheels,  under  our  passenger  equipment,  render  so  much  greater  service 
than  we  have  from  the  rail,  which  is  subjected  to  pressures  far  beyond 
the  elastic  limit,  through  freight  car  wheels  and  engine  drivers.  The 
wear  of  engine  drivers  shows  better  results  than  that  of  rails  ;  but  it 
must  be  remembered  that  there  is  from  two  to  three  times  the  metal  in 
their  cross-section  than  in  the  rail  ;  that  there  is  a  greater  field  for  flow 
and  disposition  of  stresses  in  the  former  than  in  the  latter  ;  and  yet  it 
is  not  an  unheard-of  thing  for  driver  tires  to  pipe  and  sjjlit.  In  com- 
paring wheel  with  rail  service,  it  should  be  borne  in  mind  that  the  esti- 
mates given  of  tonnage  service  of  rail  apply  to  the  two  parallel  rails, 
and  not  to  one  rail  only. 

The  fact  is  that  there  is  hardly  a  wheel  turning  under  our  freight 
cars  when  loaded  to  their  scheduled  capacity,  or  a  driver  under  our 
locomotives,  that  does  not  strain  the  metal  in  the  rail  beyond  its  modu- 
lus of  resistance.  From  the  tests  given  we  can  safely  assume  that  for 
the  majority  of  our  rails  this  modulus  can  be  taken  at  45  000  pounds. 
In  many   instances  it  falls  below  40  000.     With  a  modulus  of    45  000 
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pounds  the  car  wheel  can  sustain  about  fi  000  pounds  within  the  elastic 
limit,  and  this  approximates  to  the  weight  on  passenger  equipment  ; 
hence  the  high  service  shown  for  the  steel  tired  wheel. 

Undoubtedly,  mauv  of  our  older  members  have  seen  the  iron 
rail  of  twenty-five  or  thirty  years  ago  wear  down  nearly  one-half  inch  ; 
many  of  them  have  observed,  and  I  have  measured  the  wear  of  steel 
rails  when  first  introduced,  and  Avhen  lighter  loads  prevailed,  a  wear  of 
3  of  an  inch  before  they  found  a  resting  place  in  that  charnel-house,  the 
scrap  heap  ;  now,  under  present  loads,  their  usefulness  ends  with  from 
ten  to  forty  or  fifty  million  tons'  service.  Some  one  spot  on  our  over- 
loaded engine  tires  wears  down  J  of  an  inch  after  a  service  of  from 
twenty  to  forty  million  tons,  while  the  steel  tired  passenger  car  wheel, 
which  is  loaded  to  about  its  elastic  limit,  gives  a  tonnage  service  of  from 
one  hundred  and  fifty  to  two  hundred  million  for  the  same  wear,  nearly 
the  whole  of  which  wear  we  can  reasonably  attribute  to  the  action  of 
brake  shoes  and  slipping  of  wheels,  and  not  to  abrasion  due  to  normal 
conditions  of  rail  and  wheel  contact. 

In  regard  to  the  fillet  curve  of  wheel  flange,  it  is  my  belief  that  the 
decision  of  your  Committee  is  correct — that  it  should  not  be  the  same 
as  the  curve  of  rail  corner;  that  flange  pressures  should  be  confined,  as 
near  as  possible,  to  the  origin  of  the  curve,  with  the  tread  of  wheel  ; 
and  where  abrasion  caused  by  increased  periphery  is  the  least,  and  also 
where  leverage  to  resist  stress  is  the  most  eff'ective. 

We  should  seriously  consider  the  propriety  of  adding  in  any  way 
whatever  to  the  duty  of  the  flange— a  projection  of  only  a  trifle  over 
1  inch — the  agent  between  us  and  disaster  as  we  rush  through  space  at 
fearful  velocity.  I  venture  to  say  that  there  is  not  a  flange  on  a  cast- 
iron  wheel  that  cannot  be  knocked  ofi",  without  excessive  eff"ort,  by  a 
hammer  in  the  hands  of  any  person  in  this  room. 
W  To  me  it  appears  self-evident  that  rolling  resistance  is  decreased  with 

H     wheels  running  within  the  elastic  limit  ;  that  once  wheels  are  of  equal 
^L  diameter,  they  will  longer  remain  so  than  by  the  present  practice  ;  and 
^Hthat,   therefore,  the  tendency  of  wheels   to  run  to  flange  will  not  be 
nearly  so  great  as  now.    The  larger  wheel  always  drags  the  smaller  when 
on  the  same  axle. 

It  strikes  the  writer  that  heretofore  the  engineer  of  permanent  way 
has  had  just  enough  of  the  aesthetic  in  his  nature  to  desire  to  top  out 
his  work  by  a  graceful  curve,  leaving  the  purely  mechanical  engineer 
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to  meet  the  condition  it  induces  as  best  be  could  ;  and  I  take  it  as  tbe 
<luty  of  tbe  civil  engineer,  per  se,  tbe  real  conservator  of  i^ower  and 
matter,  to  meet  tbis  condition. 

Looking  at  tbe  rail  on  end,  in  cross-section,  we  find  it  a  very  small 
affair,  6  or  8  square  incbes  in  area,  and  my  matter  treats  of  but  a  few 
hundredths  of  tbis  area  ;  but  when  looked  at  in  longitude,  we  find  tbat 
it  bas  a  length  of  over  600  000  miles,  every  inch  of  which  contains,  as  I 
l)elieve,  a  Idunder  in  design.    • 

If  tbis  opinion  is  a  correct  one,  then  it  is  tbe  duty  of  our  profession 
to  hasten  the  slow  processes  of  evolution  and  eradicate  this  evil  in  the 
shortest  practicable  time.  This  cannot  be  done  at  once— rails  and  wheels 
now  in  service  will  remain  until  their  usefulness  is  past.  The  flat  topped 
rail  adopted  by  any  single  line  will  receive  the  imprint  of  wheels  worn 
hollow  in  tread  by  service  on  round-topped  rails  ;  but  I  believe  if  those 
responsible  agents  of  lines  forming  any  one  of  our  great  transconti- 
nental routes  make  earnest  eftbrt  in  this  direction,  tbe  evil  will  soon 
•be  i^ractically  overcome.  Already  an  eai'nest  effort  is  being  made  by 
several  managers  and  engineers  of  several  important  corjjorations  to 
secure  uniformity  of  rail  sections. 

It  is  believed  that  tbe  change  of  form  of  rail  contemplated  in  this 
paper  will  not  involve  the  use  of  any  more  material  than  is  now  used  on 
many  of  our  railways.  That  dear  old  lady,  Mrs.  Partington,  said  that 
when  the  horse  ran  away  with  her,  she  trusted  in  Providence  until  the 
breeching  broke,  and  then  she  jumped.  The  traces  of  our  railways  are 
now  at  their  fullest  tension,  possessing  no  factor  of  safety  within  the 
elastic  resistance.  Have  we  not  trusted  in  Providence  too  long  in  our 
violation  of  a  law  of  nature  ?  Is  it  not  our  duty  to  be  prepared  to  quickly 
leaj),  not  into  the  dark,  but  into  the  light  of  reason,  to  avoid  disaster 
that  will,  that  does,  result  from  present  i^ractice  ? 

If  a  change  is  necessary,  why  not  have  our  form  of  rail  a  type  of  tbat 
•noblest  of  all  creations,  a  level-headed  man  with  two  legs  and  feet  to 
correspond  ?  Why  not  come  back  to  tbe  design  of  the  American  Strick- 
land of  1831,  re-designed  by  Brunei  in  1835,  and  still  in  use  on  the 
Great  Western  Kaihvay  of  England  ?  While  I  am  not  prepared  to  ex- 
press tbe  opinion  that  tbe  rail  of  the  future  will  have  this  similarity,  it 
goes  without  saying  that  disaster  surely  follows  any  attempt  to  work 
material  substances,  as  well  as  oxir  mental  faculties,  beyond  their  elastic 
limit. 
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James  B.  Feancis,  Past  President  Am.  Soc.  C.  E.— I  have  had  little 
or  no  practical  experience  in  the  wear  of  rails  and  the  tires  of  wheels 
rolling  on  them,  but  there  are  some  general  ideas  that  occur  to  me  bear- 
ing on  the  matter. 

Assuming  that  the  top  of  the  rail  is  curved  in  section,  and  the  tire 
conical  as  represented  by  Fig.  1,  Plate  XLIX,t  if  the  forms  are  perfect  and 
the  material  of  both  incompressible,  they  would  touch  only  in  a  point, 
where  the  pressure  per  square  inch  would  be  infinite.  They  are,  how- 
ever, both  compressible,  the  effect  of  which  is  to  form  depressions  on 
both  surfaces,  and  to  distribute  the  pressure  over  an  area,  the  extent  of 
which  dejjends  on  the  degree  of  compressibility.  The  pressure  per 
square  inch  would  be  very  unequal  at  different  parts  of  this  area,  being 
greatest  at  the  first  point  of  contact,  and  diminishing  from  this  point  to 
the  edges  of  the  depressions,  where  it  would  be  nothing. 

If  the  forms  of  the  rail  and  tire  are  as  rei^resented  by  Fig.  2,  Plate 
XLIX,  the  contact,  if  the  material  is  incompressible,  would  be  a  line, 
on  every  point  of  which  the  j^ressure  per  square  inch  would  be  infinite, 
and  if  compressible,  depressions  would  be  made,  having  this  line  for 

*  Cylindrical  Wheels  and  Flat  Topped  Eails  for  Eailways,  by  D.  J.  Whittemore,  Trans. 
Am.  Soc.  C.  E.,  Vol.  XXI,  p.  133,  September,  1889. 
t  Transactions,  Vol.  XXI,  p.  142,  September,  1889. 
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an  axis,  where  the  pressure  per  square  inch  would  be  the  greatest, 
and  at  the  edges  of  the  depression  it  would  be  nothing. 

The  area  of  the  depression  would  be  greater,  and  its  maximum  depth 
less,  in  the  case  rei^resented  by  Fig.  2  than  by  Fig.  1,  and  the  total 
pressure  being  the  same  in  both  cases,  the  mean  pressure  per  square  inch 
of  the  depression  would  be  proportionally  less  in  Fig.  2. 

I  think  the  destructive  eflfect  of  the  pressure  on  the  rail  and  tire  is 
substantially  proportional  to  the  maximum  pressures  which  would  be 
obviously  greater  in  Fig.  1  than  in  Fig.  2. 

The  above  applies  only  to  the  case  where  the  surfaces  are  unworn, 
and  the  motion  uniform  both  in  velocity  and  direction;  practically  these 
conditions  are  far  from  being  fulfilled.  The  effect  of  use  on  Fig.  1,  I 
think,  must  be  to  a^jproximate  to  Fig.  2,  and  it  would  appear  to  be  best 
to  adopt  that  form,  or  something  near  it,  to  begin  with. 

On  page  146  of  the  paper,  after  describing  the  great  variations  in  the 
forces,  it  is  remarked:  "  Our  wonder  is,  not  that  rails  fail  so  soon,  but  that 
they  last  so  long. "  My  idea  is  that  the  destructive  effects  of  pressure, 
imi^act,  etc. ,  are  largely  modified  by  their  distribution  through  the  mass 
of  the  head  of  the  rail;  the  application  of  the  pressure  or  impact  would 
usually  be  on  a  small  area  of  the  top  of  the  rail,  and  the  pressure 
would  be  suflScient  to  crush  an  isolated  prism  with  a  base  of  that  area; 
to  be  criished,  however,  it  must  spread  laterally,  which  is  prevented  to 
a  great  extent  by  the  adjacent  parts  of  the  head  of  the  rail,  and  instead 
of  crushing  the  prism,  by  the  elasticity  of  the  metal  a  large  part  of  the 
eflfect  is  transferred  to  other  parts  of  the  head  of  the  rail.  If  the  point 
of  contact  is  near  one  side  of  the  head  of  the  rail,  the  prism  would  have 
less  support  from  adjacent  parts,  and  these  parts  of  the  head  would  be 
the  weakest. 

M.  J.  Beckeb,  President  Am.  Soo.  C.  E. — The  statements  contained 
in  the  introductory  sentences  of  Mr.  D.  J.  Whittemore's  paper  on 
'  'Cylindrical  "Wheels  and  Flat  Topped  Eails  for  Railways  "  must  certainly 
be  accepted  without  controversy.  It  is  true  that  the  wheel-loads  are 
larger  than  ever  before,  and  it  is  not  at  all  likely  that  they  will  ever  be 
reduced;  it  is  equally  true  that  the  rail  sections  have  not  been  increased 
in  proportion  to  the  heavier  loads  imposed,  and  that  the  rails  are 
therefore  subjected  to  stresses  somewhat  beyond  their  proper  resisting 
capacity. 

While  I  agree  with  Mr.  Whittemore  thus  far,  I  am  not  prepared  to 
admit  either  the  full  extent  of  the  consequences  due  to  these  admitted 
facts,  nor  do  I  quite  agree  with  his  views  regarding  the  efficiency  of  the 
remedies  he  suggests. 

In  the  first  place,  the  wheels  and  rails  which  are  annually  consigned 
to  the  scrap  heap,  and  the  value  of  which  he  estimates  at  a  billion  of  dol- 
lars every  few  years,  are  by  no  means  a  total  loss.    As  far  as  the  old  rails 


DISCUSSION   ON    RAILWAY   AVHEELS    AND    RAILS. 


155 


are  concerned,  they  bear,  at  present  prices,  a  proportion  to  the  value  of 
new  rails,  of  abont  22  to  28. 

Assuming  the  total  mileage  of  all  tracks  (main,  second  and  yard 
tracks)  in  this  country  at  300  000  miles,  and  counting  100  tons  per  mile, 
we  would  have  an  aggregate  of  30  000  000  tons  of  rail.  Assuming, 
further,  the  average  life  of  rail  in  all  these  tracks  at  fifteen  years,  the 
annual  renewal  would  amount  to  2  000  000  tons,  and  the  absolute  loss, 
resulting  from  the  difference  in  value  between  old  and  new  rail,  at  say 
$6  per  ton,  would  be  §12  000  000  per  annum. 

The  number  of  wheels  attached  to  our  combined  rolling  stock  and 
motive  power  is  about  8  000  000,  and  their  aggregate  weight  is  about 
2  500  000  tons;  the  wheels  annually  broken  and  condemned  for  all 
causes  amoiaut  to  about  300  000  tons,  and.  the  difference  in  value  be- 
tween scrap  and  new  wheels  is  nearly  .^13  per  ton,  so  that  the  actual 
annual  loss  in  wheels  would  foot  up  to  about  $3  900  000.  This,  together 
with  the  §12  000  000  for  rails,  gives  us  §15  900  000;  an  amount  very  far 
from  Mr.  Whittemore's  billion.  Indeed,  the  total  value  of  all  tracks  and 
wheels  in  the  country  does  not  amount  to  anything  like  a  billion.  Still 
the  value  of  the  annual  scrap  heap  amounts  to  quite  a  large  sum,  and  if 
it  can  be  reduced,  it  ought  certainly  to  be  done. 

But  let  us  take  a  look  at  the  other  side  of  the  picture  and  see  what 
Las  been  gained  by  the  adoption  of  heavier  power  and  larger  carriages. 

CoMPAKATivE  Statement  of  Engine  and  Car  Mileage,  Tonnage  and 
Ton  Mileage,  foe  Years  1873,  1878,  1883  and  1888,  and  Percent- 
age OF  Increase  or  Decrease  Compared  with  1873. 

Pittsburgh,  Fort  Waxne  and  Chicago  Eailway. 


Engine  milei 
Car  mileage, 
Tonnage  . . . , 
Ton  mileage 


5  751  670 

70  654  926 

2  292  644 

479  917  429 


Per 
cent. 


4  415  830    —  23.2 

92  533  418    +  30.9 

3  026  2501  -1-  32.0 

637  470  506    +32.8 


1883. 


Per 
cent. 


1888. 


5  202  559  —  9.5  3  961  950 
116  958  485!  +  65.0     116  112  930 

5  076  311  H-121.5  6  210  816 
944  563  376:  +  96.8|l  004  657  034 

I 


Per 
cent. 


—  31.1 
+  64.3 
+170.9 
+109.3 


Pittsburgh,  Chicago  and  St,  Louis  Eatlwax. 


Engine  mileage 
Car  mileage  .... 

Tonnage  

Ton  mileage.. .. 


2  312  780 

36  189  869 

1  472  709 

205  508  887 


2  037  633 

40  376  875 

2  142  155 

287  757  418 


Per 

cent. 


—  11.8 
+  11.5 
+  45.4 
+  40.0 


1883, 


2  672  601 
48  437  368 

3  466  544 
428  293  199 


Per 
cent. 


+  15.5 
+  33.8 
+  67.4 
+108.6 


2  803  974 

64  332  026 

5  239  796 

622  997  128 


Per 
cent. 


+  21.2 
+  83.2 
+255.8 
+203.1 


Increase. 


The  above  statements  give  the  result  upon   the  Pittsburgh,   Fort 
"Wayne   and   Chicago  Railway,    and   the   Pittsburgh,  Chicago  and  St. 
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Louis  Kailway,  and  they  show,  that  while  on  the  former  road,  between 
1873  and  1888,  the  engine  mileage  has  decreased  31  per  cent.,  the  car 
mileage  has  increased  64  per  cent. ;  the  tonnage  has  increased  171  per 
cent,  and  the  ton  mileage  has  increased  109  per  cent.  On  the  Pittsburgh, 
Cincinnati  and  St.  Louis  Railway,  the  engine  mileage  during  the  same 
period  has  increased  21  per  cent, ;  the  car  mileage  has  increased  83  per 
cent. ;  the  tonnage  increased  256  per  cent. ;  and  the  ton  mileage  increased 
203  per  cent. 

Similar  results  are  obtained  on  all  lines  where  the  motive  power 
capacity  has  been  judiciously  increased  with  the  enlarged  freight  car 
capacity. 

Now,  of  course,  it  would  not  be  reasonable  to  expect  such  favorable 
results  entirely  without  a  sacrifice  of  some  sort. 

But  this  is  not  all.  Look  at  the  chart  of  rail-prices  and  note  the 
reduction  in  cost  from  $120  in  1873  to  $30  in  1888  for  steel  rail;  and  also 
glance  at  the  price  of  $70  per  ton  for  iron  rail  in  1873  and  remember 
that  this  rail,  under  the  much  lighter  wheel-loads  of  that  time,  regularly 
wore  out  in  from  six  months  to  two  years'  time. 

And  then  summarize  the  situation  in  1873,  and  compare  it  with  1888, 
You  will  find  that  our  present  engines,  with  a  greatly  reduced  mileage, 
trausjiort  much  larger  tonnages,  that  our  rails  cost  75  per  cent,  less  than 
in  1873,  and  wear  six  times  as  long;  so  that  really  our  condition  appears 
satisfactory  and  encouraging,  rather  than  gloomy  and  disheartening  as 
Mr.  Whittemore  would  make  us  believe. 

Eails  have  been  worn  in  the  j^ast  under  much  lighter  loads,  and  no 
doubt  they  will  continue  to  wear  out  in  the  future,  and  so  will  the  wheels; 
in  fact,  there  is  nothing  upon  a  railroad  that  does  not  wear  out;  even  the 
chief  engineers,  tough  as  they  generally  are,  wear  out  in  course  of  time. 

Ml'.  Whittemore  admits  the  difficiilty  of  determining  the  amount  of 
abrasion  due  to  rolling  load  alone,  and  I  agree  with  him  fially;  and  I 
also  confess  that  I  have  precious  little  faith  in  the  development  of  a 
formula  Avhich  gives  the  theoretical  ton  service  for  J -inch  wear  of  wheel- 
tread  deduced  from  results  varying  between  107  000  000  tons  and 
252  000  000  tons  under  nearly  equal  wheel-loads.  No  doubt  it  would 
seriously  complicate  the  solution  of  an  equation  which  would  contain 
variable  values  for  corrosion,  brake  shoes,  sanded  rails,  slipping  drivers, 
sliding  wheels,  abrasion  by  torj^edoes,  flow  of  metal,  and  internal  strains 
due  to  imperfect  manufacture;  and  I  suggest,  that  the  quantity  remain- 
ing after  deducting  all  these  enumerated  values,  and  which  remainder 
would  represent  the  legitimate  wear  due  to  the  tonnage,  would  be  any- 
thing but  constant  or  practically  reliable. 

To  remedy  the  effect  of  excessive  loads  upon  the  rails,  Mr.  Whitte- 
more i)roposes  to  abolish  coned  wheels,  make  the  rail  head  flat,  and 
by  increasing  the  contact  area  and  bearing  surface,  reduce  the  unit 
pressure  upon  rails  and  wheels  alike. 


itof-FORT  PITT" 


PLATE     LVI 

TR>\NS.  AM.  SOC.  CIV,  ENG'RS. 

VOL.    XXI.    N9    424 

BECKER     ON 

WHEELS    AND    RAILS 


Orade  ■^  42.34 


5°  Cmre  Irt  west  of  Br.  .,,  ™„„  „„ 
SIDE  lUU,     CAMBRIA     1378 
Grade     " 


booDd  tnok,  IN* 


Br.  14,  eMt  bound  traok.  OUTSIDE 
B^    CAUBRIA    lura    GO'Btoel. 


5«  Cnrve.&t  "OAKDALB"  telegraph  office.    OTJT- 


"NOBLESTOWTi"  station.  W.  bound 


3*  Curve  i_.    „    ,   „     

tk.,  OUTSIDB  BaiL     CAMBRIA     1878.     60'BteeL 
Grade 


urve,  let  east  of  "LAUREL  HILL"  E.  bound     a*  Gnrvn  Ut  mmI  nt  "i  a  Trnwr  wit  t  ■■  to-  i.       .. 
».,  OUTSIDE  KIX^AMB^    1875.  160   sS      tt..'OT^SlDEB^l^^?'iS5,'L\°t"i' 


bound  tk.N.  RaU, 


Hf  Cnm.  l8t  eut  of  "FSnOtOSE"  west  bound 

tk.,  OUTSIDB  lUU,    CAMBKIA    187S.  WatoeL 

Onide  -f  36.4 


BRIA"  1675.    60*Bt«el. 


TABOENT,  SBd  E.  of  "MIDWAT"  W.  bonDil  tk  , 


TANOENT,  and  E.  oj  "MIDWAT"  W.  boimil  tk.. 

N.  Bail,     CAUBHIA    1676.     60'  8t««L 

Qnd«  t59.8 
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Qima»  '  58.6 


y  Curse,  let  E.  of  "MIDWAY' 


OUtSdEBiuI.  CAUSUIA    1875,     OT  steel. 


Onde  «  iO-e 


lUU,    eTeteel.Q^e  _  55^, 


•'  Curve.  Srd.wedt  of  "BtlLQKB"  tuiuiel,  S.tk 

1  u  a  Biofia  tmok  Ull  12.2:v'se.  E.T.7-82,   OUTI 

SIDE  Ball.   <n'  ■teel.Oitda  -  58.6 


niit!er'B  Dnmp"  S.track. 

23S-'e8,  E.T.7-^8il,  !">•" 

67'eKiel.  Or«de  -  jB-S 


67*gteel.Oimde  -  58.6 


80  Gnrre  at  W.  end  of  "DOfSMORE"  ttumel,  aiiigle 
took,  IH8U)E  Ball,  E.  T.  3-*l.   S.  EalL  67'  steeL 


8"  Curve  atW.  end  of  >'DINSMOBE"  tunnel,  ainele 
track,  Ot7Tan>E  Bail,  E.T.3^,   H.Bidl.  67'  Bt^ 


■"«'  Curve,  and  E.  of  "HANLJN"  II.ti«ok,  need 
la  Bimrte  track  Hll  «.■!.'««  B  T  rf  ..„1 »  JSr^o"^ 


»■>«'  Carre,  9nd  B.of  "H  ANU.»J"  N  liuk.  iiu.1 

«  ■ingi.  t,«k  an  8-a.'88.  s.T.t'a.  ^'Sms!^i 


""  arade     5l.« 


6<^'  Curve  W.  of  "HANLTN"  station,  S.  tk..  need 

ui  single  tk.  till  Got.  '87,  B.T.8-'61,  67* steel,   S.rali 

Qrade  -  51.41 


6<«l  Cum  W.  of  "HANJUN"  aution,  8.  tk..  and 
laHnclolk.  till  OOt.  W.  E  T  *'8I,  «7' rteel.  N  r«ll. 
Onde  -  51-.43 


6^'  Curve,  E.  of  Bri  18-  Soatti    tr»ok.,  used  a 


'10'  CoTve.E.of  Br.  S7,  W.  botmd  tk..  used  ae  Biugle 


•IBONDAIE'  INSIDE  rail,  B.T.'eS 
Onde  -^  11.09 


6^'  Cture,  E.  of  Br;  18.  S.or  E.bound  th,.  usad  aa 
Blxigle  track  prior  to  Oct.  't<T.  B.T.3-'81,  67*  atAel,  N. 
i»U.       Grade    51.43 


3«0'  Curve.  2nd  'W.  of  "New  Oumberljiiid  Junction' 
B.bound  tk,  in  oae  aa  afngle  tk.  until  1887,  K-T.7.'B' 

67*  BteeL  OUTSIDE  [S]  rail  Qj^^g  ^  43  34 
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"Colliers"  W.  bound  track. 


Long  Tangent,  Sm  W.  of  "CoUiera'.'  W-  bound  track. 

uaed  aa  aiuKle  track  until  Oct.  '86,  E.T.7-'80  67'ateel 

SralL     Or^B-SiSl 


67*  Bteel,  INSIDE  [N)  ml  o,^,  ,  aW   '°*  " 


■50    Curve  at   'WHEELING  JtTNCTION" 
bdund  tk.,  uaed  atn  eiugle  tk.nntll  '87  and  again  dur- 
of '88.  E.T.  7-'80,  67^ete6l,  OUTSIDK 


About  ism  Z.uf  "KKKNTTOOD  "  »°0  Curve 


[SlraU     Grade  ^42.94 


V  Curve  let  E  of  "TERN  WOOD"    INSrDE  ItoU, 

E.T.'es 
Grade  •  1L09 


•  Carre  atBr.  ^.OUTSIDBlUi],    CAlfBAIA 


im4' Cone  lat  out 

CAUUEU     SI.  n'steel 
Orode  •  39.6 


INSIDE  B»il, 


V  Cone  >t  Br.  43, 


INSIDEBeU.    CAMBRIA 

'81.  67'  eteel. 
Oimde»13.a 


TANGENT,  eaat  of  No.  e  Tnimel.  S.lUll. 


,  et  "BLOOSIFIBLD"    INSIDE   Bell, 
CAMBBIA,      '81.  C7'  atoel. 
Grade  *  39.6 


Between  Br,  45  and  No.  8  TuimeL    INSIDE  Rail . 
CAHBBIA    '81.  67'8l6el.  3'  Curve. 
Grade  •  39.6 
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V  Curve,  at  "BLOOMFIELD  "   OUTSIDE  RaU. 

CAMBBIA,      '81.  67*  eteel. 

Grade  -  39.6 


Between  Br.  45  and  No.  6  Tunnel,   OUTSIDE  Bail . 

CAMBRIA    '81,  67'flt«el,  3"  Curve. 

Grade  ■»  39.6 


S«14'  Cnrveaet  east  of  Br.  44,  9nT&lDE  BaU, 


Between  Br,  45  and  No.  8  Tunnel.    INSIDE  Rail, 
E.T,  ll-'82,  fffeixstl ,  3"  Curve. 

Grade »  39.6  


>•  Curve  Br.4S,  OUTSIDE  Ball,  E  T.  1 
Grade  *  39.6 


J»  Corvei  lHt.W.of  "CONO'TTON"  INSIDE  Bail 


of  "CONOTTON"  OUTSIDE  BaU 


I 


2«  Curve;  3nl  E  of  "PHILADELPHIA  KOAC' 

WSWS  BidJ.  JS.T.'76.   60'Meel- 

Grade  -  30.a 


•■BOWKKSIOWH'OniSLDK  Bill, 
E.T.'76,  60  Bteel. 
Grade  '39.9 


2®  Curve;  let  W.  of  M.  P.  '87,  OUTSIUK  Kail,  B 


Curv»i3rd  E  of  "PHILADELPHIA  KOAD' 
0UT8LDK  K«aE.T.'76,   SO"  steel. 
Grade  -  39.  ft 


1®  Curve.abtmt  tiin  E  ol  ■'PHILAJ>BLPHIA 

fiOAD"IiIfcilUE  Bail.  E  .T.'76.  tiO' Bteel. 

Grade  -  Xl.d 


PLATE     LXI 

TRANS.  AM.  SOC.CIV.  ENGRS 

VOL.   XXI.    N9    424. 

BECKER     ON 

WHEELS    AND   RAILS 


S°  Curve:  3rd  E  of  "PHILADELPHIA  KOAD' 


9«Curve..l«t  East  of  "PHILADELPHIA 
EOAD"  OUTSIDE  Ball.  K.  T.'7li.  60  eteel. 
Grade  -  39.6 


Curve;  3rd  E.  of  "PHILADELPHIA  KOAD" 
OUTSIDE  Kail,  E,T.'76,    fiO'eteeL 
Grade  -  39.6 


But  of  'trjaBICHSVrLLB  JUNOTIOM'  E  bound 

tnok,  "CAMBWA"  1876.   TAJ!(GE1^T,    60*8t«el, 

Orade     0.(KL 


INSIDE  K»U  on  3"  Cnrve,  lit  Curve  E.  • 'TKEN- 

XON"  E.bound  tk,  near  Joint,    E.T.1883.   67  steeL 

Gnde.-S6.96 


.  aUTSIDS  Ball  on  3°  Carre,  let  Curve  east  of 
"XEENTON"  B.bouud  Irauk,    E.T.1S83.   67*Bte«L 
Grade  -  36.96 
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South  Bide,  main  track,  Im.W.  of  "PORT  WASH. 

INGTON' TANGENT,     CAMBIOA.     '78,  (iO'steel 

Grade  -  i.6i 


North  Bail,  main  track,  Im.Wof  "I'OKT  WASH 

iNGTON'  TANGENT,     CAMBEIA     '78,  tju'ateel 

Grade  -  t.64 


1  1"  Curve,   "GLASGOW"  N.Kail, 
CAMBRIA    '78.  60'  ateel. 
Grade  -  1.58 


IN8IDB  BaUa^  1°  Curve,  "GLAbGOW"  near 
joint,  tie  mashed,  CAMBRIA  '78,  60«BUjel,  N.rail 
Grade-  1.58. 


TAHGENT,  near  E.  Sw. 
rail.    CAMBRIA 


TANGENT,   near  E  Sw. 

ralL    CAMBRIA 

Ghrade  - 


"New  ComerBtown" 
'78.  60*-8teel. 
4.23. 


Section  of  beat  rail  near  E  Sw.  "New  Oomeretown" 
TAlfGENT,  S  rail,     CAMBRIA    '78.  ao'steel. 
Grade  -  •»!8- 


TANGENT  oppOBita   ''New  ComerBtown"  aUtiou, 

XT  ..alt        r^AXTRUIA        '7H     fin^a^Aal 


N.rail,    CAMBRIA    '78,  60'"8teel. 
Grade  -  48 


TANGENT.  N  rail,  E.of  "WEST  LAFATKTT  E" 

atation,    CAMBRIA    '77,  60' ateel. 

Grade.  0.00 


TAVGKST,  KMt  of  "MORGAN  KUN"  S.raU 
CAMBRIA     '77.    6U  steel. 
Onde  -  2.M 


TANGBNT,  Kast  of  "MOEGA_N  RUN"  N.mll 

at  Joint.    CAMBRIA    '77.  6(r»teeL 

ende  -  2.64 


TANGENT,  East  of  "MORGAN  RON"  N.rail 

at  Joint.    CAMBRIA    '77.  6(f  steel. 

Grade  -  9.64 
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O'^l' Curve,  INSIDE  rail  at  Joint,  "ADAM8" 

MUX"  N.  Rait     CAMBRIA    11JT7. 60'  steel. 

Grade.    0.00 


Q^ao'  Cnrve,  OUTSIDE  rail  "ADAMS" 
MILL"   S.  Rail,     CAMBRIA    '77.   OlCsteeL 
Grade.   0.00 


INSIDE  Bail,  on  0»30/  Curre,  "ADAMS'  MILL, 

N.raa    CAMBRIA     '77.  60'  steeL 

Grade.    0.00 


\  / 


South  rail  on  TANGENT.  Im.  E.  of  "DRESDEN 

JUNO."      OAMBRIA    '77,  60  steel. 

Grade  -  0.528 


Sooth  raU  on  TANGENT,  Im. 'W.  of  "DRESDEN 

JUNC."     E.T. '75.  60  steel. 

Grade  -  0.528 


North  rail  on  TANGENT,  Im.  E.  of  "DEESDEN 

JUNC."    CAMBRIA  "  '77, 60*   steel, 

Grade  -  U.S28 


North  raU  on  TANGENT,  Im.  "W.  of  "DRESDEN 

JUNC."    CAMBRIA     77,  60*  steel. 

Grade  -  0.528 


Booth  Eaa  on  TANGENT,  Im.  W.  of."WAKA- 

TOMIKA.''     CAMBRIA     '77.  60  BteeL 

Grade.  39.S- 


North  Rail  on  TANGENT,  west  of  "FEAZEYS- 
BUEG"  telegraph  uftioe,    CAMBRIA    '77.  60'  steel.' 
Grade.  0.00 


North  Rail  on  TANGENT,  near  £.  .Sw.  at  "BLACK 

RUN,"    CAMBRIA    '77,  60'  ateel. 

Grade.   0.00 
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If  this  would  satisfactorily  accomplish  the  purpose,  it  certainly  ought 
to  be  done;  but  I  would  apprehend  that  the  wheels  would  not  maintain 
their  perfectly  cylindrical  shape,  nor  the  rails  preserve  their  flat  hori- 
zontal heads  after  a  short  period  of  actual  use.  Between  the  track  gauge 
and  the  wheel  gauge  there  is  a  difference  of  J  of  an  inch,  which  admits 
of  a  continuous  oscillation  corresponding  to  that  space,  and  unless  the 
wheels  can  be  made  of  a  metal  wholly  indestructible,  a  curved  groove 
will  be  worn  into  their  treads  in  course  of  time,  which  will  either 
cause  the  wheels  to  run  upon  the  outer  edges  of  the  flat  rail  head,  and 
thereby  abrade  the  corners;  or,  more  likely,  will  wear  the  entire  rail 
head  to  a  curve  corresponding  to  the  groove  in  the  tread. 

I  attach  hereto  prints  of  112  rail  sections  (see  Plates  LVI-LXIII), 
carefully  measured  at  various  places  in  our  tracks  between  Pittsl)urgh 
and  Columbus,  showing  the  sizes  and  conditions  of  the  rails,  and  if  any 
lesson  is  to  be  learned  from  this  exhibit,  it  is  to  the  efTect,  that  under 
ordinarily  favorable  conditions,  the  rails  wear  reasonably  well;  upon 
sharp  curves  they  naturally  wear  faster;  a  slight  flow  or  spreading  of 
the  metal  is  indicated  upon  the  outer  edges  of  the  rails.  No  doubt 
the  same  flow  occurs  on  the  inner  edges  as  well,  but  is  constantly 
ground  off  by  the  wheel  flanges;  but  this  flow  does  not,  in  my  opinion, 
hasten  the  destruction  of  the  rails  to  any  marked  extent;  they  fail  upon 
tangents  from  vertical  wear  and  upon  curves  by  the  abrasion  of  the 
inner  sides  of  the  heads.  As  long  as  this  kind  of  wear  continues 
uniform,  there  can  be  no  special  cause  for  complaint.  It  is  the 
irregular  destruction  of  individual  rails  from  defective  manufacture 
which  gives  just  cause  for  dissatisfaction  and  alarm. 

These  defects  have  been  very  clearly  pointed  out  by  Mr.  K.  W.  Hunt, 
by  Mr.  Mattes,  and  by  Mr.  Hawks;  their  causes  are  being  generally 
understood  and  admitted  and  the  remedies  will  no  doubt  be  prom^jtly 
applied.  Wider  and  shallower  heads  with  flatter  tops  and  sharper 
corners  will  avoid  the  defects  caiised  by  internal  strains  due  to  in- 
judicious distribution  of  metal,  and  afl'ord  greater  resistance  against 
wheel  pressure. 

While  we  are  engaged  in  these  efforts  of  reforming  the  rail  sections, 
we  should  begin  by  reducing  the  endless  variety  of  patterns  to  a  few 
standards  of  normal  shape;  this  would  not  only  save  much  outlay  to  the 
manufacturer  in  making  new  rolls  and  constantly  changing  them  for 
every  trifling  order,  but  would  avoid  much  confusion  and  simplify  the 
labors  of  all  concerned.  The  catalogue  of  the  Cambria  Iron  Company 
alone  contains  forty-five  different  patterns  for  sixteen  different  weights. 
The  60-pound  pattern  alone  has  seventeen  different  shapes.  Of  all  these 
numbers  there  must  be  one  that  is  better  than  all  the  rest,  and  if  we 
can  determine  which  one  it  is,  by  all  means  let  us  have  it. 

D.  J.  WmTTEMORE,  Past  President  Am.  Soc.  C.  E. — In -partial  answer 
to  the  discussion  of  the  author's  paper  on  '  *  Cylindrical  Wheels  and  Flat 
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Topped  Rails  ".  by  our  worthy  President,  I  feel  impelled  to  say  that  his 
deductions  fortify  me  in  the  statement  I  made  that  "  car  wheels  and  rails 
to  the  value  of  nearh'  a  billion  of  dollars  jJass  into  the  scrap  heap  every 
few  years  on  this  continent  alone."  It  was  this  fact  that  in  the  main 
promjited  me  to  dictate  my  paper. 

By  the  words  "  every  few  years  "  my  evident  meaning  was  to  em- 
brace in  this  period  their  service  as  wheels  and  rails  before  they  went  to 
the  scrap  heap,  be  the  same  five  or  fifteen  years.  At  the  time  my  paper 
was  written  wheels  and  rails  w^ere  worth  $30  per  ton  in  Chicago,  and 
this  would  make  the  value  of  wheels  and  rails  on  this  continent,  as 
estimated  by  our  President,  0975  000  000,  approximating  closely  to  the 
author's  statement.  I  did  not  endeavor  to  show  annual  dej^reciation 
or  the  value  of  the  scrap  heap,  but  left  that  for  each  member  to  infer 
what  it  was  as  his  judgment  might  warrant.  This  the  honorable  Presi- 
dent has  done  in  a  manner  satisfactory  to  himself;  whether  it  be  so  to 
our  members  remains  for  them  to  determine. 

The  author  is  jsleased  to  learn  that  our  President  advocates  wider 
heads  and  flatter  top. 

I  have  no  doubt  that  the  President  will  agree  with  me  that  many  of 
our  rails  of  forty  years  ago  had  a  top  of  from  4  to  5  inches  radius. 
When  they  were  worn  out  this  curve  approximated  a  radius  of  6  inches, 
many  of  the  second  generation  of  rails  were  then  formed  with  a  6-inch 
radius,  the  third  came  out  of  the  track  having  a  radius  of  8  inches,  the 
fourth  with  about  ten,  and  now  the  fifth  is  generally  designed  with  a 
12-inch  radius.  Many  exceptions,  of  course,  can  be  cited,  but  this  has 
been  the  general  rule.  By  referring  to  the  diagrams  of  tangent  rail  wear 
contained  in  the  Preliminary  Report  of  the  Committee  on  the  relation  of 
wheels  and  rails  to  each  other,  it  will  be  seen  that  the  average  radius  of 
worn  rail  tops  of  the  Pennsylvania  Railway  have  been  beaten  down  from 
a  radius  of  not  more  than  12  inches  to  over  14.  Do  these  facts  mean 
anything?  With  the  constant  tendency  to  flatten  tops,  why  not  make  it 
flat  at  once,  and  then  demonstrate  whether  a  large  portion  of  the  rail 
head  will  remain  so  or  not? 

The  amplitude  of  the  oscillation  of  wheels  and  rails  will,  of  course, 
demand  corner  curves,  and  it  is  plain  to  see  that  these  curves  will  be  of 
a  spiral  nature,  as  is  well  shown  by  the  diagrams  I  have  above  cited,  and 
which  curve  can  be  approximately  described  by  commencing  about 
iVths  of  an  inch  from  the  perpendicular  of  the  side  of  rail  with  a  curve 
of  J-inch  radius  extending  through  12  or  15  degrees,  thence  compound- 
ing to  a  curve  of  t-inch  radius,  through  the  balance  to  the  perpendicular. 

Of  course,  with  wheel-treads  already  worn  hollow  on  round-headed 
rails,  the  change  to  a  flat  head,  and  to  maintain  it  practically  flat,  be- 
comes difficult,  but  not  in  my  opinion  entirely  impracticable  in  time 
through  general  adoption. 

In  regard  to  tire  wear,  our  President  evidently  attaches  but  little  or 
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no  value  to  the  facts  the  author  presents.  That  it  is  reasonable  to  sup- 
pose the  material  in  steel  tires  may  vary  somewhat,  as  to  its  elastic 
limit,  as  is  shown  to  be  the  case  in  rails,  may  well  account  for  the  great 
variation  they  give  iii  tonnage  service,  but  it  seems  to  the  author 
that  the  general  averages  he  gives  are  worthy  of  consideration  in  sup- 
port of  the  opinion  he  advances.  Many  of  the  sections  of  rails  shown 
by  the  President  indicate,  and  he  unqualifiedly  admits,  flow  of 
metal,  the  sure  indication  that  the  elastic  limit  is  exceeded.  In  what 
other  device  does  he  or  we  attempt  to  subject  metal  to  such  strains,  and 
if  it  is  not  proper,  how  can  a  change  of  practice  be  effected,  presup- 
posing, of  course,  that  the  wheel-loads  will  never  be  less  than  they 
are  now. 

Again,  some  of  the  wheels  referred  to  in  the  table  were  undoubtedly 
such  as  had  never  been  subject  to  brake-wear,  as,  for  instance,  the 
middle  wheels  of  a  six- wheel  truck;  and  this  fact  may  well  account  for 
varying  results — upon  which  our  President  says  he  has  i^recious  little 
faith  in  the  development  of  the  author's  formula  giving  the  theoretical 
tonnage  service  of  wheels. 

In  answer  I  desire  to  say  that  the  formula  is  purely  an  arithmetical 
one,  not  empirical  in  any  sense  of  the  word,  and  while  I  believe  I  am 
the  first  to  express  wheel  wear  on  a  tonnage  basis,  I  also  feel  jjrepared 
to  say  that  the  formula  is  as  correct  as  that  which  is  used  to  ascertain 
the  tonnage  service  of  rails.  I  j^resume,  however,  that  the  President 
means  to  take  exceptions  to  the  determinations  derived  from  the  formula, 
that  the  same  are  such  as  to  leave  him  bat  precious  little  faith  as  to  their 
value. 

It  is  strange  how  differently  we  esteem  these  values  and  determina- 
tions. My  ai'gument  is  that  the  table  in  question  shows  that  wheels 
running  at  or  near  the  limit  of  elasticity  and  at  the  same  time  subject 
to  the  contingent  wear  from  brake-shoes,  slipping,  etc.,  give  us  a  ton- 
nage service,  for  a  Avear  of  one-eighth  of  an  inch,  of  from  two  and  one- 
half  to  six  and  one-half  times  the  tonnage  service  we  secure  from  the  two 
parallel  rails  of  good  quality  as  now  designed,  before  they  go  to  the 
scrap  heajj. 

The  decreased  engine  mileage  compared  with  car  mileage,  which  is 
cited,  is  directly  attributable  to  heavy  engine  service,  resulting  in  won- 
derfully decreased  cost  of  transportation.  There  is  no  question  about 
this.  From  this  cause  and  fierce  rival  interest  combined,  lower  rates 
have  prevailed,  dividends  to  stockholders  are  less,  or  are  passed,  and 
managers  are  now  demanding  of  the  engineer  how  this  economy  of  train 
service  can  be  perpetuated.  To  this  end  much  will  be  accomplished 
when  the  rapid  deterioration  of  rail  is  prevented. 

In  this  connection  we  should  bear  in  mind  that  from  thirty  to  sixty 
overloaded  freight  car  wheels  pass  over  our  rails  to  one  engine-driver, 
hence  the  injury  to  rails  can  be  attributed  largely  to  freight  service  ;  our 
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permitted  loads  on"  freight  wheels  being  about  double  that  of  English 
and  French  practice. 

A.  M.  Wellington,  M.  Am.  Soc.  C.  E.— I  have  listened  with  very- 
great  interest  and  iastruction  to  the  paper  by  Mr.  Whittemore.  lu 
regard  to  one  subject  I  think  that  there  can  be  no  doubt  that  he  is  cor- 
rect ;  that  is,  the  enormous  disproportion  between  the  rail  wear  caused 
by  the  tires  of  the  locomotives  and  by  car  wheels.  According  to  the 
best  available  evidence,  something  like  three-fourths  of  the  rail  wear 
results  from  the  locomotive  and  only  one-fourth  from  the  much  larger 
tonnage  of  the  cars.  That  has  been  heretofore  an  uuproven  hypothesis, 
because  it  can  only  be  determined  in  an  indirect  way  ;  but  the  data 
which  ]Mr.  Whittemore  has  collated  is  exactly  in  accordance  with  what 
engineers  who  have  studied  the  matter  have  concluded  on  that  subject. 

One  point  of  difficulty  that  has  occurred  to  me,  among  others,  in 
listening  to  the  paper,  leads  me  to  feel  considerable  doubts  as  to  Mr. 
Whittemore's  conclusions,  viz. :  the  modulus  of  elasticity  in  a  mass  of 
metal  loaded  in  the  center  by  a  weight  which  does  not  extend  over 
its  entire  surface.  I  have  myself,  with  a  view  of  determining  whether 
there  was  any  permanent  set  from  the  locomotive,  arranged  to  have  a 
locomotive,  the  heaviest  I  could  get,  run  over  some  rails  and  to  be  left 
there  as  long  as  possible.  Now,  if  the  quick  passage  of  a  locomotive 
over  a  rail  produces  permanent  set,  it  seems  logical  that  one  whose 
weight  continued  to  rest  on  one  spot  for  from  one  hundred  to  two 
hundred  hours  would  produce  still  more  permanent  set;  but  the  most 
careful  effort  to  find  some  sign  of  indentation  failed.  If  it  is  true  that 
the  weight  of  a  locomotive,  in  quickly  passing  over,  produces  in  the 
rail  large  permanent  set,  then  standing  on  the  rail  from  a  day  to  a  week 
should  produce  more  permanent  set,  sufficient  at  least  to  be  detected 
by  the  reflection  of  a  ray  of  light;  but  such  is  not  the  case. 

On  the  other  hand,  it  is  entirely  feasible  to  explain  that  there  is,  from 
a  locomotive  running  at  speed,  a  great  deal  of  rubbing  friction  ;  from 
lateral  motion  or  the  lurching  of  the  train  from  one  side  to  the  other, 
as  also  from  unequal  diameters  of  wheels,  etc.  I  think  it  has  been  prac- 
tically proven  by  comparison  with  the  wear  which  takes  place  on  curves 
and  on  tangents,  that  all  the  tangent  wear  that  occurs  can  be  accounted 
for  as  caused  by  abrasion  only.  If  it  were  true  that  the  instantaneously 
applied  weights  produced  permanent  set,  some  of  our  rails  which  stand 
a  great  many  such  loads  a  minute  would  be  worn  away  and  could  not 
stand  for  any  length  of  time,  whereas  some  rails  do  last  fifteen  or  twenty 
years. 

Mr.  WntTTEMOUE. — In  my  investigations  of  this  subject  some  twelve 
years  ago,  I  did  not  have  the  benefit  of  Dr.  Grashof's  analysis;  but  pur- 
Huing  nearly  the  same  method  of  reasoning  that  he  does,  I  arrived  at 
nearly  the  same  results  as  his  formulas  give.     From  the  area  of  the  con- 
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tact  of  a  70- inch  tire  under  a  load  of  from  13  000  to  16  000  pounds,  the 
compression  of  both  tire  and  rail  combined  did  not  show  over  about 
xuTj-o  of  an  inch  ;  but  the  more  I  have  thought  of  the  matter,  the  more 
I  am  convinced  that  the  material  of  rail  and  wheel  were  pressed  to  be- 
yond their  elastic  limit. 

Relative  to  the  modulus  of  elasticity  used  in  the  application  of  Dr. 
Grashof's  formula,  I  wish  to  remark  that  the  greatest  variation  we  can 
allow  from  the  knowledge  we  have,  when  applied  to  the  rails  of  which 
tests  are  given,  will  be  between  27  000  000  and  31  000  000,  and  by  tak- 
ing either  one  of  these  values,  but  little  difference  will  be  found  in  the 
results  given  in  my  table. 

Mr.  Wellington. — Has  Mr.  Whittemore  ever  made  tlie  experiment  of 
taking  a  block  of  Bessemer  steel,  planing  it  off  flat,  and  then  taking  a 
smaller  rounded  block,  like  the  tread  of  a  wheel,  and  applying  success- 
ive pressures  to  it  until  a  permanent  set  is  produced,  and  then  determin- 
ing what  pressure  i^er  square  inch  was  necessary  to  produce  it? 

Mr.  "Whittemore. — I  have  not  made  such  tests. 

Mr.  Wellington. — In  questions  of  such  moment  it  seems  to  me  that 
we  cannot  rely  on  mathematical  analysis  for  conclusions  ;  we  all  know 
how  liable  purely  mathematical  analyses  are  to  fail  under  test.  We  can 
deduce  general  results  from  specific  experiments  by  their  aid,  but  it  is 
somewhat  unsafe,  if  the  formulas  do  not  rest  on  experiment,  to  attempt 
any  generalization  on  their  evidence  alone.  Do  Professor  Grashof's  de- 
ductions rest  on  experiment  ? 

.Mr.  Whittesiorb. — Dr.  Grashof  distinctly  says  the  modulus  of 
elasticity  and  of  resistance  must  be  first  determined  by  experiment, 
and  this  having  been  determined,  his  formulas  apply  to  their  several 
cases.  In  the  absence  of  these  values,  I  have  applied  moduli  as  usually 
determined,  as  the  best  testimony  we  can  offer  in  the  absence  of  further 
tests. 

I  wish  to  say  a  word  in  regard  to  aluminum.  The  refined  analysis 
of  steel  given  in  my  paper  shows  that  it  contains  toVo  per  cent,  of  that 
metal,  and  if  at  moderate  cost  we  can  add  about  nine  times  this  amount, 
it  would  be  of  great  advantage,  provided  its  benefit  is  anything  like 
what  is  claimed  for  alloys  of  that  kind.  I  feel  sure  that  aluminum  steels 
of  this  grade  can  be  furnished  for  from  $5  to  $6  per  ton  over  the  price 
of  steel,  in  the  belief  that  we  will  soon  be  able  to  supply  aluminum  for 
S3  or  a  trifle  less  per  pound. 

G.  B.  Hazlehurst,  M.  Am.  Soc.  C.  E.  —  I  have  for  sometime  past 
held  identical  views  with  Mr.  Whittemore  on  this  subject,  which  he  has 
so  fully  and  forcibly  brought  to  the  attention  of  our  engineers. 

Any  engineer  who  has  had  any  thing  to  do  with  "Strength  of 
Materials  "  can  not  but  see  the  correctness  of  the  statements  brought 
forward  by  Mr.  Whittemore,  and  why  they  should  have  been  ignored  so 
long  by  sensible  men,  it  is  hard  to  see. 
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I  am  aecitledly  in  favor  of  a  flat  top  rail  of  such  proportions  that  the 
bearing  area  will  only  produce  stress  within  the  elastic  resistance  of  the 
material  used. 

I  have  advocated  this  theory  on  our  road  for  two  years  past,  when- 
ever the  question  of  a  new  rail  section  has  been  discussed;  and  I  go  so 
far  as  to  beheve  that^the  day  is  not  far  distant,  when,  to  secure  a  rail  of 
sufficient  bearing  area,  some  such  section  as  shown  by  the  sketch  below 
will  come  into  use  for  the  two  fold  purpose  of  increased  bearing  be- 
tween wheel  and  rail,  and  between  tie  and  rail. 


Additional  splice  of  convenient  form  to  be  used. 

Mr.  J.  T.  EiCHAKDS,  C.  E. — It  is  hardly  within  the  province  of  a  civil 
engineer  to  remark  very  much  on  the  shape  of  wheels. 

As  for  the  rail,  it  is  my  oi:)inion  that  the  top  should  be  nearly  flat. 
I  very  much  doubt,  however,  if  an  absolutely  flat  top  rail  can  be  rolled 
satisfactorily. 

I  am  firmly  convinced  that  there  should  not  be  more  than  a  slight 
convexity — say  a  radius  of  12  inches. 

Mr.  W.  S.  G.  Bakeb  (Prest.  Balto.  Car  Wheel  Co.)— When  we  began 
the  manufacture  of  cast  chilled  car  wheels,  from  an  engineering  stand- 
point we  believed  a  cylindrical  wheel  the  best  form  adapted  for  steam 
railway  service,  and  so  made  all  such  wheels.  As  there  seemed  to  be 
a  prejudice  on  the  -part  of  railway  officials  to  such  treids,  and  while 
they  favored  those  with  cone  shape,  of  necessity  we  were  compelled  to 
meet  the  prevailing  idea. 

Having  no  practical  way  to  form  an  opinion  as  to  relative  value  of 
tbe  two  forms  of  tread  in  their  relation  to  rail  heads,  we  cannot  give  an 
opinion  based  upon  experience,  but  should,  however,  as  engineers, 
pronounce  in  favor  of  the  cylindrical  tread  and  flat  head  to  rail,  as  most 
likely  to  give  increased  life  to  both. 

The  first  five  lines  of  Mr.  Whittemore's  paper  are  interesting,  and,  no 
doubt,  true  as  far  as  the  engineers  are  concerned,  but  while  they  are 
e.xercising  their  genius  to  secure  safety  and  make  economy  of  train 
service  possible,  may  it  not  be  that  their  efforts  are  counteracted  by 
the  purchasing  agent,  who,  from  his  i)oint  of  view,  believes  he  also  is 
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accomplishinp,-  the  same  economy;  who,  from  a  commercial  standpoint, 
buys  cheaijly — in  fact  he  i:)urchases  his  wheels  per  ton  for  aboiit  what 
proiser  metal  to  make  such  article-;  costs — thus  causing  the  wheel-maker 
to  undo  what  the  engineer  endeavors  to  accomplish,  as  his  genius  is 
taxed  to  jarodiace  a  commercial  wheel  and  not  an  engineei'ing  one — a 
wheel  that  can  be  made  without  pecuniary  loss  to  himself,  which  will 
be  accepted. 

Within  the  last  few  years  some  of  the  railroads  have  formulated 
specifications  based  upon  a  physical  test,  and  have  increased  the  weight 
of  chilled  wheels  to  meet  increased  weight  of  cars  and  carrying  cai^acity 
— in  some  cases  as  much  as  100  pounds. 

It  would  seem  that  this  increased  weight  would  insure  increased 
strength,  but  iu  many  cases  it  does  not.  Having  recently  tested  wheels 
from  eighteen  different  makers,  we  were  amazed  to  find  of  what  poor 
material  wheels  which  will  stand  the  specified  requirements  can  be 
made,  showing  conclusively  that  the  tests  are  not  what  they  should  be 
to  secure  proper  work.  Our  test  also  demonstrated  that  the  additional 
weight  allowed  in  structure  has  not  increased  its  value  for  strength, 
notably  so  with  one  maker's  work,  whose  recently-made  wheels,  weigh- 
ing from  555  to  575  i^ounds,  stood  an  average  of  li  blows  to  crack,  and 
4^-  blows  to  break  under  drop,  while  old  wheels,  by  same  maker, 
Aveighing  less  than  500  pounds,  made  some  eight  or  ten  years  ago,  and 
after  many  years  service  under  cars,  stood  under  same  drop  an  average 
of  Ti-  blows  to  crack  and  25  blows  to  break.  From  our  experience  it  is 
reasonable  to  claim  that  had  the  same  stock  been  in  the  heavier  struct- 
ures as  was  in  the  lighter  ones,  with  additional  weight  pro^^erly  dis- 
tributed, the  heavier  wheels  would  have  stood  from  40  to  50  blows 
to  break  them,  and  could  have  been  made  with  deeper  and  better  chill, 
prolonging  their  life,  and  probably  giving  less  wear  upon  rail  heads,  as 
they  would  retain  their  contour  and  better  preserve  their  relations  with 
the  rail  heads. 

If  the  good  offices  of  the  civil  engineers  could  be  utilized  in  bringing 
wheel-making  to  a  higher  standax'd  of  excellence,  I  have  no  doubt  rail- 
road shareholders  would  be  benefited,  and  the  road  secure  a  safer  and 
cheaper  service. 

Thomas  Doane,  M.  Am.  Soc.  C.  E. — A  car  wheel  must  necessarily 
have  some  lateral  motion.  It  is  given  to  it,  to  a  greater  or  less  extent, 
by  more  or  less  loose  gauge,  by  all  engineers,  in  construction.  If  not 
given  in  the  beginning,  it  will  acquire  it  very  soon,  by  wear  of  rails  and 
flanges. 

The  central  portion  of  the  wheel  tread,  whether  cylindrical  or  con- 
ical, will  get  the  most  wear,  and  the  tread  will  be  worn  hollow.  I  do 
not  see  how  this  can  be  avoided,  even  if  running  only  upon  flat  top 
rails. 

The  consequence  will  be,  with  a  hollow  tread  wheel,  to  carry  the 
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weight  of  the  load  upon  the  inner  and  outer  edges  of  an  absolutely  flat 
top  rail,  or  which  is  far  worse,  the  whole  weight  first  upon  the  inner  and 
then  upon  the  outer  edge  of  the  rail.  The  heads  of  rails  must  be  very 
strong  to  stand  up  under  such  treatment. 

Such  a  consequence  will  also  rock  the  rail  u^jon  its  tie,  and  loosen 
it  there,  and  also  have  an  injurious  effect  upon  the  stem  of  the  rail, 
bending  it  back  and  forth,  as  wheels  carry  their  loads  alternately  on  the 
inside  and  outside  of  the  rails. 

My  own  preference  is  for  a  rail  top  of  such  contour  as  to  fit  the  av- 
erage hollow  tread  wheel.  Possibly  this  cannot  be  ascertained  except 
by  wearing  wheels  upon  flat  top  rails.  I  think,  however,  it  would  result 
in  a  rail  top  very  considerably  removed  from  a  flat  top. 

W.  Howard  White,  M.  Am.  Soc.  C.  E. — On  reading  over  Mr.  Whitte- 
more's  paper  I  notice  the  following,  which  seems  to  need  comment: 

On  page  150  of  Mr.  Whittemore's  discussion  of  the  rail  head  question 
he  says:  "  Giving  these  sections  the  curve  in  the  head  that  they  origin- 
ally possessed,  and  with  the  web  projecting  into  it,  can  we  devise  a 
better  form  for  splitting  the  rail  from  the  weight  imposed  by  the  wheel 
than  is  here  presented  ?" 

It  would  seem  as  if  Mr.  Whittemore  had  forgotten  a  practical  illus- 
tration of  this  particular  action,  with  which  he  must  have  been  familiar 
a  good  many  years  ago. 

If  in  those  days  he  had  been  told  to  make  a  stake  for  driving  into 
hard  ground,  I  hardly  think  he  would  have  made  the  stake  flat-topped, 
as  it  is  a  matter  of  such  notoriety  that  the  stake  with  the  tapered  head 
is  the  one  that  stands  driving  best. 

Although  I  quite  agree  with  Mr.  "Whittemore  as  to  the  desirability  of 
a  wide  bearing  for  the  wheel,  and  believe  that  the  flat  head  is  about  the 
only  practical  way  to  attain  that  object,  the  argument  adduced  seems  to 
me  to  make  in  favor  of  the  other  side  of  the  question. 

With  a  round-headed  rail  the  overhanging  sides  of  the  head  are  less 
exposed  to  splitting  off  than  with  any  other  form. 

We  have  only  to  imagine  a  rail  with  a  concave  head  to  see  how  much 
the  splitting-off  action  of  the  wheel  would  be  intensified  by  any  flatten- 
ing of  the  head. 

Le4  this  should  be  considered  a  fanciful  presentation  of  the  case,  it 
is  necessary  to  call  to  mind  the  fact  that  every  wheel  tends  to  wear  more 
or  less  double  flanged. 

Now,  even  if  the  rails  were  originally  wide  and  flat,  there  must  arise 
from  aide  wear  more  or  les^  narrowing  of  the  head,  to  which  the  wheel 
wear  will  conform  itself. 

Wlien  a  wheel  so  worn  rnus  over  a  new  unworn  flat  headed  rail,  the 
bearing  Avould  be  on  the  outer  edges  of  the  rail  head  and  the  effect 
would  be  the  same  as  with  the  supposed  concave  head. 
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Mr.  Whittemore  is  evidently  quite  sure  that  there  can  be  no  such 
thing  as  fibrous  interlocking  of  two  iron  surfaces,  but  I  cannot  share 
his  skepticism  until  experiments  on  friction  accompanied  by  micro- 
scopic examinations  of  the  surfaces  have  shown  that  there  is  not  a 
cellular  formation  in  iron,  the  walls  of  which,  when  worn,  may  form 
microscopic  ridges  and  points,  bent  one  way  or  the  other  by  the  rubbing 
of  another  surface. 

I  have  already  suggested  such  an  action  as  this  as  a  possible  solution 
of  what  has  been  ascertained  by  observation  on  German  railroads, 
namely,  the  greater  wear  per  ton  of  traffic  in  rails  ran  over  both  ways 
as  compared  with  those  upon  which  the  business  is  all   one  way. 

It  is  to  be  hoped  that  experiments  will  be  made  upon  this  point  in 
some  of  the  physical  laboratories  of  the  country,  and  also  that  some 
great  road  with  both  single  and  double  track  lines  will  institute  observa- 
tions to  confirm  or  disprove  the  German  results. 

Mr.  Whittemore. — Mr.  White  quite  mistakes  my  reference  to  that 
singular  sentence  in  the  Preliminary  Rejoort  of  the  Committee  on  the 
relation  of  wheels  and  rails  to  each  other;  to  wit:  "Molecular 
interlocking  of  the  fibers."  The  committee  evidently  refer  to  cast- 
iron  or  steel  surfaces  in  contact  and  not  iron  surfaces  as  Mr.  White 
asserts.  Molecular,  I  need  not  say,  is  a  chemical  term,  and  any  expres- 
sion that  implies  molecular  change  certainly  imiilies  a  chemical  one 
also.  Cast-iron  and  steel  are  generally  considered  crystalline  in  struc- 
ture; hence  I  conclude  that  both  the  terms  molecular  and  fibrous  were 
misused  in  the  sentence  referred  to. 

WniSON  Crosby,  M.  Am.  Soc.  C.  E. — With  reference  to  the  form  of 
the  rail  head,  I  approve  of  the  proi^osed  flat  top  with  small  radius  at  the 
corners. 

Instead  of  having  the  head  so  broad,  as  i3ropo3ed,  I  should  prefer 
a  somewhat  narrower  one  both  for  the  purpose  of  diminishing  the  train 
resistance  in  cases  when  there  was  any  tendency  of  the  wheel  to  run 
either  to  or  from  flange,  and  also  to  thereby  save  metal  to  be  added  to 
the  depth  of  the  head,  and  thus,  by  its  greater  depth  and  the  lessened 
length  of  the  cantilevers,  strengthen  the  top  against  the  tendency  of 
the  sides  to  break  oflf  as  indicated  in  the  paper,  also  to  oppose  a  greater 
amount  of  metal  to  be  worn  down. 

In  the  wheel,  I  approve  of  the  general  form  of  tread  shown  in  Fig.  2, 
Plate  XLIX  of  the  paper  under  discussion,  but  would  limit  the  length 
of  the  flat  portion  to  somewhat  less  than  the  width  of  the  rail  head  in 
order  that  as  the  tread  of  the  wheel  wore  it  might  not  develoi)  a  groove 
near  the  flange. 

F.  M.  Wilder,  M.  Am.  Soc.  C.  E. — As  a  whole,  this  subject  is  one 
which  should  be  very  fully  considered  by  those  responsible  for  the 
engineering  and  mechanical  departments  of  our  railroads. 
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I  believe  that  the  tentleacy  in  railroad  construction  is  toward  too 
heavy  weights  upon  the  track  at  a  single  point.  While  Superintendent 
of  the  Motive  Power  of  the  New  York,  Lake  Erie  Sc  Western  Railroad, 
our  limit  was  13  000  pounds  uijon  any  one  wheel,  and  in  order  to  get 
greater  adhesion  and  consequently  greater  tractive  power,  we  built 
"  Mogul"  passenger  locomotives,  in  order  to  get  a  better  distribution  of 
the  weight  of  the  locomotives  and  still  have  it  on  the  driving  wheels. 

Mr.  Whittemore  very  clearly  states  his  proposition  that  we  should 
use  cylindrical  wheels  and  fiat  topped  rails  and  I  fully  agree  with  him. 

In  reference  to  the  coning  of  the  wheel  having  any  considerable 
effect  in  assisting  the  track  to  curve,  I  would  say,  that  I  do  not  believe  it 
has,  but  that  when  wheels  are  held  rigidly  upon  an  axle  and  their  axis  is 
held  parallel  with  another  jjair,  as  in  a  truck  to  a  car  or  locomotive,  the 
truck  will  roll  forward  on  a  tangent  even  though  one  wheel  is  much 
larger  than  the  other,  unless  forced  to  an  angle  by  some  obstruction  like 
the  flange  pressing  against  the  rail,  and  if  the  axles  are  I'adial  to  each 
other,  the  wheel  will  endeavor  to  follow  a  curve  proportioned  to  the 
angle  of  the  radii. 

I  have  experimented  with  a  small  truck  on  a  plane  and  demonstrated 
this  fact,  even  showing  that  the  small  wheel  will  take  the  outside  of  the 
curve  if  they  are  set  wider  apart  than  the  larger  ones.  This  fully 
shows  that  the  coning  of  the  wheel  does  not  cut  any  figure  in  cars  curv- 
ing easily,  but  that  having  the  trucks  built  so  that  the  axles  are  exactly 
parallel  is  a  matter  of  the  greatest  importance. 

The  coned  wheel  on  a  round  tojjped  rail  only  has  a  point  for  a  bear- 
ing, consequently  the  onh'  way  to  increase  the  bearing  surface  is  to 
lengthen  that  point  to  a  line. 

The  experiments  mentioned  on  page  142  gives  lyfg-  square  inches  as 
the  area  of  the  i^oints  of  contact  as  shown  between  coned  wheels  and 
round  top  of  rail  for  72-inch  wheel,  and  -i^ths  as  the  area  of  contact 
for  62-inch  wheel. 

The  distribution  of  weight  on  this  surface  of  contact  is  unequal, 
being  greater  in  the  centex-.  Had  the  experiments  or  measurements 
been  made  with  new  wheels  and  rail  instead  of  these  which  were 
"much  worn,"  the  area  of  contact  would  have  been  an  oval  with  major 
axis  much  longer  and  the  minor  axis  not  more  than  three-eighths  of  an 
inch  instead  of  nearly  an  inch,  thus  raising  the  rate  of  pressure  and 
showing  greater  distress  to  the  rail  at  the  center  of  the  point  of  contact. 
The  effect  of  cylindrical  wheels  and  flat  topped, rails,  would  be  to  widen 
tlie  theoretical  point  of  contact  to  a  line  and  the  point  of  actual  contact 
would  be  shortened  lengthwise  with  the  rail,  and  would  probably  show 
a  greater  area  of  bearing  than  l)y  the  experiments  mentioned. 

Mr.  C.  P.  Sandbkik;.— Allow  me  first  to  refer  to  my  own  paper,  just 
published  by  the  Institution  of  Civil  Engineers  here,  on  "The  Use  of 


DISCUSSION   ON   RAILWAY   WHEELS   AND    RAILS.  167 

Heavier  Rails,"*  in  which  it  is  said  that  my  Goliath  rail,  adopted  on  the 
Belgian  State  Railways,  is  laid  perpendicularly,  and  I  may  add  that 
this  was  done  at  the  recommendation  of  the  engineer-in-chief  of  the 
rolling  stock,  Mr.  Belpaire,  who  actually  favors  cylindrical  wheels,  but 
with  the  large  rolling  stock  of  the  Belgian  State  Railways,  conversion 
would  take  some  time.  I  am  not  aware  that  the  conversion  has  even  been 
begun,  and  nowhere  else  do  I  know  of  cylindrical  wheels,  or  flat  top 
rails  being  used  in  Euroi^e,  but  they  get  fiat  enough  in  time,  and  I  shall 
have  no  difficulty  in  i^roving  why  rails  are  not  made  flat  from  the  com- 
mencement. 

First,  from  the  ijroducer's  point  of  view.  Any  one  who  is  acquainted 
with  the  manufacture  of  rails  will  agree  that  the  flat  top  rail  necessitates 
less  i^ressure  or  work  in  the  last  groove  than  a  round  top  rail,  and  the 
more  round  it  is,  the  more  pressure  or  work  or  closer  grain  in  the  head 
will  be  the  result.  The  joint  of  toj)  and  bottom  rol's,  being  in  the 
middle  of  the  head  with  a  small  opening,  if  the  pressure  or  work  is  ex- 
cessive, would  leave  a  seam  along  the  head  in  the  joint  between  the  top 
and  bottom  roll;  besides,  the  more  round  the  head  of  the  section  is,  the 
better  delivery  would  the  rail  have  from  the  rolls,  or  the  less  number 
of  wasters.  Thus,  it  follows,  that  the  flat  topped  rail  would  have  a 
more  porous  head  than  the  round  one,  and  more  wasters,  and  as  a  very 
short  time  in  the  track  will  make  it  flat  enough,  it  would  be  an  absolute 
loss,  both  to  the  consumer  and  the  producer,  to  start  with  the  flat  top. 
See  drawing  attached,  Plate  LXIV. 

Again,  from  the  consumer's  point  of  view.  The  flat  toj)  rail  can 
never  be  laid  in  a  track  absolutely  correctly  so  as  to  have  the  tire  of 
the  wheel  bear  on  all  parts  of  the  flat  surface,  but  it  will  bear  on  the 
left-hand  corner  on  one  rail,  and  on  the  right-hand  corner  on  the  next; 
and  after  a  few  trains  have  passed  the  line  will  look  like  a  snake;  there- 
fore, the  evil  from  the  round  topped  rail  of  small  bearing  surface 
would  be  still  worse  in  practice  on  the  flat  topped  rail  before  it  is 
worn  down  sufficiently  to  bear  on  the  neighboring  rails  alike.  Thus,  in 
practice,  Mr.  Whittemore's  suggested  remedy  would  bring  matters  from 
bad  to  worse  both  for  makers  and  engineers. 

Now,  as  regards  the  radius.  I  have  kept  to  a  simple  radius  of  6 
inches  for  the  above  reasons,  but  I  am  ])erfectly  willing  to  increase  it 
to  10  or  12,  since  steel  rolls  so  much  better  than  iron,  and  the  delivery 
would  be  good  enough  with  even  12  inches.  After  all  it  is  of  very  little 
importance  whether  it  is  6,  10  or  12  inch  radius,  as  long  as  the  top  is 
not  flat,  and  Mr.  Whittemore's  prediction  that  my  sections  w-ould  be  a 
thing  of  the  past  is  entirely  premature;  but  I  believe  his  flat  toi^ised  rail 
will  never  become  a  standard  section,  nothwithstanding  the  elaborate 
theories  of  German  professors,  and  his  own  poetry;  besides,  the  thing  is 
not  new. 

*  Proceedings  Institution  of  Civil  Engineers,  Vol.  XCV. 
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Plate  LXIV  sliows  a  section  wliich  I  had  to  insi33ct  in  1869,  at  the 
Dowlais  Works,  for  the  New  Orleans,  Mobile  &  Chattanooga  Eailway, 
10  000  tons  rolled  thus  in  iron  twenty  years  ago,  and  I  well  remember 
the  heavy  rejection  we  had  on  account  of  the  flatness  of  the  rail  top,  and 
I  am  very  glad  to  say  that  I  never  had  one  like  it  afterwards.  I  am  sure 
no  one  could  have  wished  more  than  I  that  the  complaints  generally  heard 
now  that  the  rails  are  not  as  good  as  those  made  twenty  years  ago,  could 
have  been  remedied  by  such  a  trifling  alteration  in  the  section  as  mak- 
ing the  top  flat,  but  I  think  the  above  facts  show  the  reason  that  that 
will  not  do  it,  but  simply  make  matters  worse.  The  increased  jaressure 
of  the  heavier  engines  necessitates  harder  steel  both  physically  and  chem- 
ically, and  in  this  direction  a  remedy  must  be  looked  for.  Now,  as  the 
l)hysical  hardness  or  what  is  j^roduced  by  cold  rolling  (same  as  cold 
hammering)  is  not  obtainable  in  the  fast  going  mills  used  at  the  present 
day,  chemical  hardness  or  excess  of  carbon  must  be  looked  to  as  the 
simplest  remedy,  and  as  such  hardness  involves  greater  liability  to 
fracture,  it  shows  an  absolute  necessity  of  increasing  the  weight  and 
the  section  at  the  same  time  as  the  hardness,  if  accident  from  broken 
rails  should  be  avoided.  This  has  been  the  motive  of  designing  my 
Goliath  rail,  and  my  work  in  this  direction.  I  am  very  glad  to  see  that 
it  is  fast  being  adopted  on  both  sides  of  the  Atlantic.  The  reproduc- 
tion of  my  100-pound  section  in  Mr.  Whittemore's  paper  is  somewhat 
disfigured,  and  to  correct  this  in  the  Transaction  I  inclose  a  correct 
drawing  of  it.* 

Fortunately  the  price  of  steel  is  being  gradually  reduced,  wliich  Avill 
facilitate  such  change  with  the  object  of  securing  i^erfect  safety  with 
more  economy,  and  a  possibility  of  the  maker  making  what  is  wanted. 

Mr.  "Whittemore's  paper  having  been  so  ably  dealt  with  in  the 
Engineeriyig  News  by  Mr.  A.  M.  Wellington,  M.  Am.  Soc.  C.  E. ,  I  have 
nothing  more  to  add  except  that  I  believe  that  it  would  lead  to  great 
advantage  if  makers  had  a  voice  in  the  discussion  of  the  rail  question, 
and  I  find  a  total  absence  of  such,  not  only  in  this  but  in  the  general 
treating  of  the  rail  subject  in  the  United  States.  For,  after  all,  the  pos- 
sibility of  making  a  rail  is  the  first,  and  the  use  of  it  the  second  ques- 
tion; and  I  believe  much  ink  might  be  saved  if  practical  makers  would 
come  forward  and  give  their  opinion  frankly  upon  the  engineer's  scheme. 

Mr.  Whittemore. — When  the  author  dictated  his  paper  he  expected 
his  position  Avoiild  be  oi)posed  by  many  who  had  much  to  answer  for  in 
giving  us  the  forms  of  rails  in  general  use  in  this  and  other  countries, 
and  therefore  he  is  not  at  all  surprised  at  the  position  taken  by  Mr. 
Sandberg. 

In  no  other  device,  except  in  the  use  of  rails,  wheels  (and  of  the 

*  Plate  LXV  Is  a  reproduction  of  this  drawing.    The  top  line,  however,  is  much  too  flat 

for  the  indicated  radius  of  G  inches.  [Ed.] 


PLATE    LXIV 
TRANS.  AM.  SOC.  CIV.   ENG'RS. 
VOL.   XXI.    N9    424. 
SANDBERG   ON 
WHEELS    AND    RAILS.  ' 


50  tons  Engine 
50  miles  pr.  hour. 
Proportion  of  raU  section 

Head         -         43  per  cent. 
Web         -        22 
Flange      -        35        " 

100  per  cent. 

Equal  in  cost  and  capacity  to  the  80  lbs. 
English  rail  section  including  chairs  of  cast-iron. 

Cheapest  and  best  for  maintenance,  safety 
and  comfort  where  traffic  is  heavy  and  steel 
cheap. 


PLATE     LXV 

TRANS.  AM.  see.  CIV.  ENGRS. 

VOL.    XXI.    N?    424 

SANDBERG    ON 

WHEELS    AND    RAILS. 


100  lbs.  standard  rail  section 
50  kilogs  par  metre. 

by 
c.  p. 


Ceti/^re  f/41  raif^ 


Cen/fiedi4  ^orifr/n 


V Hf"--^ 


Extracted  from  the  proceedings  of  the  Institution  of  Civil  Engineers. 
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grindstone,  and  in  the  emery  wheel  and  like  appliances),  does  the  civil 
or  mechanical  engineer  subject  material  to  much  beyond  one-half  of  its 
elastic  limit,  and  I  respectfully  ask,  where,  in  his  discussion,  he  in  any 
■way  attempts  to  state  how  this  can  be  done,  provided  we  must  impose 
the  loads  we  do  on  wheels,  except  by  providing  a  broad  contact  between 
cylindrical  wheels  and  flat  topi)ed  rails.  As  to  the  difficulty  of  rolling 
such  rails,  that  is  a  matter  that  must  be  accomplished  by  the  rolling  mill 
managers.  As  I  have  said  before,  a  way  can  always  be  found  to  do  that 
which  must  be  done. 

The  diflBculty  he  has  experienced  in  having  rails  lie  properly  on  ties 
is  an  easy  matter  to  overcome,  and  at  very  slight  expense. 

In  building  the  first  railway  with  which  the  author  was  connected, 
all  the  ties  were  machine-dressed  at  the  s^iot  where  the  ties  came  in 
contact  with  the  rail.  It  would  be  economy  to  do  this  now,  whether 
the  rails  be  flat  or  curved  on  the  toji. 

Mr.  Sandberg  refers  to  a  flat  topped  rail,  the  manufacture  of  which 
he  inspected  some  twenty  years  ago,  and  he  is  happy  to  say  that  he  has 
had  none  of  the  pattern  to  inspect  since. 

The  author  is  not  surprised  to  learn  that  a  flat  toi^ped  rail  of  the 
Brunei  pattern  was  laid  on  the  Great  Southern  and  Western  Eailway  of 
Ireland,  so  long  ago  as  1843-44.  Some  of  this  is  still  in  sidings  on 
that  line  and  capable  of  standing  considerable  tonnage  service. 

The  author  is  pleasingly  surprised  and  gratified  to  learn  through  his 
friend,  M.  Le  Rond,  Engineer  of  the  Northern  Department  of  France, 
that  a  rail  is  now  adopted  embracing  precisely  the  claim  of  the  author; 
not,  however,  in  degree  as  regards  width  of  head,  as  that  is  not  necessary 
since  their  carriage  wheel-loads  never  exceed  6  000  jjounds. 

A  sketch  of  this  rail  in  cross-section  and  the  specifications  under 
which  it  is  manufactured  are  so  pertinent  to  the  subject  that  a  copy  of 
the  former,  Plate  LXX,  and  a  translation  of  the  latter  are  printed  as  an 
addenda  to  this  discussion. 

We  must  bear  in  mind  that  from  forty  to  sixty  overloaded  car  wheels 
pass  over  the  rails  to  one  locomotive  driver,  hence,  the  great  injury 
resulting  to  rails  can  be  attributed  to  car  wheels. 

The  slighting  notice  given  to  Professor  Grashof's  deductions  by  Mr. 
Sandburg,  I  shall  not  attempt  to  answer,  other  than  to  state  that  I  con- 
ceive his  formula  is  proved  safe  by  experience  when  the  limit  of  elastic- 
ity, as  ixsually  determined,  is  entered  in  his  formula  at  one-half  its  value. 
With  a  less  margin  of  safety  I  have  knowledge  of  repeated  failures  to 
bridge  rollers  and  wheels  under  draw  bridges.  Mr.  Sandberg  says  that 
it  is  immaterial  whether  the  rail  has  a  curved  top  of  6,  8  or  12  inch 
radius — that  it  will  get  flat  enough  in  time,  etc.  Of  course,  the  rails 
do  get  flattened  through  the  struggle  they  have  with  the  wheel,  and 
in  this  warfare  the  wheel  is  being  made  hollow  in  the  tread,  both  of 
which  disastrous  operations  it  is  the  object  of  my  paper  to  correct. 
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In  designing  all  our  structures  (except  joerhaps  rails)  the  engineer  is 
expected  to  be  guided  by  reason  as  to  size  and  forms  of  their  different 
parts;  but  in  this  instance  Mr.  Sandberg  asserts  that  it  is  immaterial 
whether  a  radius  of  6  or  12  inches  is  used  in  forming  a  surface  over 
which  the  bulk  of  the  land  tonnage  service  of  the  civilized  world  passes. 
Is  this  true  engineering? 

In  regard  to  the  statement  that  my  representation  of  the  Sandberg 
pattern  of  rail  is  not  correct,  I  have  only  to  say  that  it  was  intended  to 
reproduce  it  from  the  sketch  and  dimensions  given  by  Mr.  Sandberg  in 
his  i^aper  as  published  in  Vol.  84,  page  395,  Transactions  of  the  Insti- 
tute of  Civil  Engineers. 

With  Mr.  Sandberg,  "I  believe  much  ink  might  be  saved  if  practical 
makers  would  come  forward  and  give  their  oi^inion  frankly  upon  the 
engineer's  scheme."  It  seems  to  me  that  I  have  burned  a  deal  of  powder 
to  blow  over  a  feather;  that  when  real  thought,  logical  reasoning  and 
common  sense,  all  lead  directly  in  one  direction,  there  can  be  no  question 
of  what  is  necessary,  and  if  we  have  not  the  appliances  or  methods 
for  meeting  the  conditions  the  i^roblem  engenders,  it  is  the  duty  of  the 
engineer,  whether  he  be  a  theorist  or  a  manufacturer,  to  meet  and  solve 
the  problem  at  once. 

I  am  not  one  to  willingly  admit  that  the  engineer,  in  his  profession, 
should  be  considered  the  impracticable  factor  behind  or  before  the 
manufacturer.  The  one  should  and  will  sujiplement  the  other,  and  what 
true  engineering  demands  will  be  met  by  the  manufacturer  in  so  far  as 
human  ingenuity  will  permit. 

E.  T.  D.  Myers,  M.  Am.  Soc.  C.  E. — I  have  read  with  much  interest 
Mr.  Whittemore's  paper  on  wheels  and  rail  heads.  Although  I  have 
been  forty  years  engaged  in  engineering,  most  of  the  time  upon  rail- 
roads, and  have  seen  the  fashions  of  rail  sections  vary  almost  as  much, 
as  those  of  apparel,  I  am  not  competent  to  say  much  upon  the  subject. 
First  rate  material  will,  I  think,  give  satisfactory  results  in  almost  any 
of  the  forms  which  have  prevailed.  Yet  I  will  go  so  far  as  to  say  that  I 
prefer  a  toj)  broad  and  nearly  flat,  if  not  absolutely  so,  and  I  do  not 
adhere  to  the  inclined  sides  of  the  rail  head. 

G.  BouscAEEN,  M.  Am.  Soc.  C.  E. — Using  without  abusing  is  a  dic- 
tate of  common  sense,  it  is  the  exercise  or  application  of  a  power  within 
certain  defined  limits,  beyond  which  it  loses  the  faculty  of  being 
repeated  or  re-used  in  the  same  manner;  going  beyond  these  limits  being 
tantamount  to  destruction  or  waste. 

Hence,  if  economy  of  power  is  the  first  object  of  the  engineer,  no 
greater  i^rofessional  sin  can  be  committed  by  him  than  to  tax  materials 
beyond  their  limit  of  elasticity. 

We  often  err  by  force  of  habit,  dating  from  early  days,  when  perhaps 
the  same  position  was  perfectly  legitimate;  by  the  process  of  evolution, 
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use  may  become  abuse;  such  seems  to  be  the  case  with   regard  to   the 
present  relations  of  rails  to  wheel-loads. 

As  long  as  the  loads  were  kept  within  the  limits  of  2^  tons  for  ear 
wheels  and  5  tons  for  engine  driving  wheels,  the  rail  heads  aj)peared  to 
be  well  enough  adapted  to  the  i)urposo  for  which  they  were  intended; 
although  the  fact,  that  the  round  shape  of  the  head  was  productive  of 
increased  wear  of  rails  and  wheels,  was  even  then  recognized,  is  shown 
by  the  gradual  changes  observable  both  in  Europe  and  America  toward 
a  flatter  top;  but  now  that  we  have  been  led,  through  the  necessity  of 
reducing  the  cost  of  trausijortation,  to  increase  these  loads  to  5  tons 
for  car  wheels  and  10  tons  for  engine  driving  wheels,  with  a  tendency 
to  a  still  greater  increase,  it  is  evident,  from  the  facts  i^resented  by  our 
honorable  Past  President: 

First. — That  we  are  abusing  the  rail  head  and  wheel-tread  by  sub- 
jecting the  metals  thereof  to  repeated  pressures  beyond  their  limits  of 
elasticity. 

Second. — That  in  so  doing  we  are  decreasing  the  length  of  rail  and 
wheel  services,  which  are  both  important  factors  in  the  cost  of  trans- 
portation; that  an  increase  in  wear  means  an  increase  in  frictional 
resistances,  which  is  also  an  important  factor  in  the  cost  of  trans- 
portation. 

Third. — That  as  a  necessary  corollary  of  the  above,  we  are  losing 
throigh  the  increased  wear  and  tear  of  rails  and  wheels  and  loss  of 
power,  a  considerable  part  of  the  advantages  sought  to  be  gained  by  the 
increase  in  the  carrying  capacity  of  our  cars  and  in  the  hauling  capacity 
of  our  engines. 

'  If  these  i)remisea  are  correct,  we  cannot  api^ly  the  remedy  too 
promptly,  and  if  the  metals  of  the  rails  and  wheels  are  to  remain  the 
same,  the  only  remedy  is  obviously  an  increase  in  the  bearing  surface 
between  the  two. 

I  would  not  say  absolutely  with  Mr.  Whittemore  "cylindrical 
wheels  on  flat  topped  rails,"  because,  if  by  "  flat  topped  "  is  meant  (as 
illustrated  in  Fig.  2,  Plate  XLIX,  showing  the  suggested  arrangement) 
a  plane  surface,  it  will  not  give  in  normal  running  conditions  the  greatest 
bearing  surface;  this  maximum  surface  of  contact  can  only  be  secured 
by  giving  to  the  rail  top  the  shape  that  it  will  take  ultimately  after  a 
prolonged  service;  this  shape  must  necessarily  vary  on  diff"erent  roads, 
according  to  the  depth  of  grooves  allowable  on  the  engine  driving  wheels 
and  car  wheels,  but  will  always  be  a  slightly  curved  surface,  until  the 
general  use  of  equalizing  brake  shoes,  which  jDrevents  the  formation  of 
the  grooves  and  maintains  the  cylindrical  shape  of  the  wheel-tread,  shall 
gradually  cause  the  flattening  of  the  rail  top  into  a  plane  surface  in 
normal  running  conditions. 

Mr.  Whittemore  has  specifically  limited  his  inquiry  to  the  influence 
of  the   shape  of  the  head;  although  I  cheerfully  recognize  the  impor- 
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tanceof  the  shape  and  size  in  that  most  indispensable  of  all  organs,  it  is, 
I  think,  also  generally  acknowledged  that  the  quality  of  the  substance 
inclosed  therein  shoiald  not  be  overlooked,  and  it  may  perhaps  be  best 
in  a  study  of  the  survival  of  the  fittest,  not  to  start  out  by  separating 
the  head  from  the  body. 

If  the  question  before  us  is  how  to  design  and  construct  a  steel  rail 
better  adapted  to  the  altered  conditions  of  American  railway  traffic  than 
the  short  lived  rails  now  so  extensively  used  in  the  United  States,  I 
think  the  shape  of  the  rail,  its  weight  and  the  quality  of  the  metal  are 
three  factors  of  about  equal  imi^ortance,  and  so  closely  related  and  co- 
dependent  on  each  other  as  to  be  inseparable  in  any  consideration  of  the 
subject  aiming  to  practical  results. 

If  it  is  true  that  the  bearing  surfaces  between  rail  and  wheel  are 
entirely  inadequate  to  the  present  wheel  loads,  it  is,  I  think,  equally 
true  that  the  steel  of  the  rail  is  generally  too  soft  and  open-grained 
through  an  insufficiency  of  carbon  and  mechanical  work.  In  the  early 
days  of  steel  rails  they  were  made  much  harder  in  imitation  of  what  was 
being  done  in  Euroj^e  and  they  gave  much  better  service.  A  very  large 
proportion  of  the  52-pound  rail,  laid  on  the  Cincinnati  Southern  Rail- 
way, when  it  was  constructed  in  1876,  is  still  in  the  track  and  shows  less 
sign  of  '*  flowing"  and  crushing  in  the  head  than  some  of  the  60-pound 
steel  by  which  it  has  been  partly  rei^laced,  although  the  head  of  the  60- 
jDOund  rail  is  fully  ^  of  an  inch  wider;  manifestly  this  result  can  only 
be  ascribed  to  the  superior  hardness  of  the  52-pound  rail. 

It  may  appear  singular  that  as  the  wheel-load  has  increased,  the 
metal  of  the  rail  should  have  been  made  softer  instead  of  harder;  this  is 
explained  by  the  widespread  confidence  placed  in  Dr.  Dudley's  theory 
as  to  the  superior  wearing  quality  of  soft  rails,  for  several  years  after 
the  publication  of  his  paper,  and  also  by  the  fact  that  the  early  hard 
rails  were  found  to  Toe  too  brittle,  many  of  them  breaking  in  the  track 
and  causing  innumerable  accidents;  this  was  the  case  with  the  52-i)ound 
steel  laid  on  the  Cincinnati  Southern  Railway;  hence  the  remedy  sought 
}fx  the  use  of  a  softer  metal  containing  from  0.30  to  0.35  of  carbon 
insteadof  0.40  to  0.45. 

To  make  matters  worse,  contemporaneous  to  this  change,  happened 
several  "improvements"  in  the  manufacture  of  rails,  whereby  a  less 
number  of  passages  through  the  rolls  and  a  high  temperature  of  rolling 
so  reduced  the  cost  of  production  as  to  place  it  within  the  reach  of  the 
most  fastidious  railway  manager  whose  j)ractical  economy  prefers  pot 
metal  at  ^30  to  good  steel  at  $33. 

Although  a  strong  partisan  of  the  larger  bearing  surface,  advocated 
by  Mr.  Whittemore,  I  earnestly  believe  that  the  flowing  and  disintegrat- 
ing of  metal,  and  the  coring  and  splitting  of  heads  observed  by  him  and 
many  others,  myself  included,  is  principally  attributable  to  the  bad 
quality  of  the  steel.     I  think  that  the  remedy  is  to  be  found,  not  only 
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iu  cylindrical  wheels  on  flat  topped  rails,  bnt  in  aretarn  also  to  a  harder 
steel,  sufficiently  rolled  at  the  proper  temperature. 

To  avoid  brittleness,  as  well  as  for  a  due  regard  to  economy  in  main- 
tenance, the  rails  should  be  made  much  heavier. 

My  experience  is,  that,  with  very  few  exceptions,  the  breaking  of  steel 
rails  iu  the  track  begins  at  the  flanges,  this  is  an  indication  that  the 
flanges  should  be  made  narrower  and  thicker. 

In  the  paper  of  Mr.  Caille  {JS^otes  sur  Vacier  a  rails  et  sur  la  duree  des 
rails  d'acier — Comptesrendus  de  la  Societe  des  Ingenieurs  Civils,  Annee, 
1886,  2me  Yol.)  on  the  bearing  qualities  of  two  diiferent  makes  of  rail 
on  the  Paris  and  Orleans  Railway,  the  analyses  given  of  these  rails,  show 
the  i^roportion  of  carbon  to  have  been  0.6  to  0.7;  the  wear  had  been 
8  millimeters  in  twenty-one  years'  service,  and  the  author  estimated  that 
they  were  good  for  ten  years  more;  these  rails  weighed  76  pounds  per 
yard  and  did  not  break  in  the  track,  but  they  were  double-headed  rails. 

I  do  not  think  that  it  would  be  advisable  to  use  steel  of  this  grade  in 
a  flange  rail  of  the  same  weight,  but  I  believe  it  is  entirely  practicable 
to  make  a  heavier  flange  I'ail  quite  as  durable  and  safe. 

In  a  late  paper  read  before  the  Institution  of  Civil  Engineers,  Mr. 
Sandberg  points  out  the  necessity  for  narrower  and  thicker  flanges,  and 
proposes  the  use  of  tie-plates  to  increase  the  bearing  area  of  the  flanges 
on  the  tie;  I  think  well  of  this  suggestion  and  believe  that  the  increased 
life  of  the  rails  and  ties  would  well  repay  for  the  cost  of  the  tie-plates. 

In  conclusion,  I  would  sum  up  as  follows,  the  requirements  con- 
sidered to  be  necessary  for  a  safe  and  durable  rail,  under  the  i^resent 
conditions  of   wheel-loads  and  speed  on  American  trunk  lines: 

Fi7-sl. — Weight — Not  less  than  80  pounds  per  yard;  100  pounds  pre- 
ferred. 

Second. — Shape — Head — Flat  topped  (shape  taken  by  the  top  surface 
of  the  head  after  a  prolonged  service)  with  vertical  sides  and  sharp 
rounded  corners. 

Flanges — Not  less  than  J  inches  thick  on  edges.  Quantity  of  metal 
in  flanges  equal  to  tbat  in  head,  less  a  wear  of  J  or  J^  inch.  Slant  of 
flanges  and  head  equal. 

Third. — Metal— Close-grained,  uniform  and  tough;  well  rolled,  and 
finished  at  a  dark  red  heat.  Tensile  strength  not  less  than  105  000 
pounds,  not  more  than  125  000  pounds.     Probable  carbon  0.45  to  0.55. 

Such  rail  should  stand  a  traffic  of  not  less  than  20  000  000  tons  for  a 
wear  of  tV  inch,  and  should  give  a  life  service  of  from  120  to  160  mil- 
lions of  tons. 

The  rail  mills  have  ahvays  claimed  the  privilege  of  determining  for 
the  railway  companies  the  quality  of  steel  most  suitable  for  their  rails;  I 
think  this  should  be  entirely  satisfactory,  provided  the  mills  would  also 
be  willing  to  guarantee  a  rate  of  wear  under  service,  below  a  reasonable 
maximum,  say  -,V  inch  for  20  000  000  tons;  but  as  long  as  they  decline 
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this  responsibility,  it  is  nothing  more  than  fair  and  just  that  they  should 
work  under  specifications  prepared  by  engineers. 

Mr.  George  Gibbs,  Mech.  Engineer. — Mr.  Whittemore's  very  sugges- 
tive paper  cannot  fail  to  call  attention — and  none  too  soon,  I  believe — to 
the  effect  of  the  steadily  increasing  wheel-loads  of  modern  cars  and  loco- 
motives upon  the  wear  of  rails;  by  "wear,"  meaning  the  sum  total  of 
defects  developed  in  service  and  not  abrasion  alone.  The  portion  of  the 
problem  connected  with  car  desiga  is  now  receiving  very  careful  attention 
from  master  car  builders  throughout  the  country,  and  the  necessary 
strengthening  process  from  the  roof  down  to  the  wheel-tread  is  going  on- 
But  right  here  we  are  met  by  inflexible  conditions,  the  contact  surface 
oflfered  us  to-day  by  the  modern  rail  head  is  substantially  what  it  was 
fifteen  years  ago;  the  radius  of  the  uj^per  corner  and  slope  to  sides  have 
increased  or  diminished  according  to  varying  dictates  of  fashion,  now 
appearing  to  be  on  the  return  cycle  towards  small  radii  and  vertical 
sides,  but  the  available  Avidth  of  rail  tops  has  undergone  slight  change- 
It  seems  to  be  high  time  that  rail  and  rolling  stock  designers  con- 
sidered this  subject  from  a  common  point  of  view.  Mr.  Whittemore's 
figures  show  very  clearly  that  the  effect  of  increased  load  upon  tires  is 
not  to  be  ignored,  and  there  is  no  reason  to  suppose  that  rails  enjoy  im- 
munity from  punishment  from  the  same  cause.  Some  car  designers  are 
seriously  considering  the  advisability  of  using  a  six-wheel  truck  for  the 
high  capacity  freight  cars  coming  in  use,  very  largely  on  account  of 
the  impaired  life  of  the  wheels  under  the  increased  pressures  entailed.  I 
believe  it  is  a  demonstrable  proposition  that  the  life  of  our  wheels  is 
being  appreciably  shortened  from  this  cause.  Does  not  Mr.  "Whittemore's 
suggestion,  then,  offer  a  more  direct  solution  of  the  problem? 

I  say,  it  can  be  proven  that  increased  pressures  cause  increased  wear, 
and  I  also  believe  we  have  proven  that  increased  contact  surface  dimin- 
ishes wear.  In  the  discussion  of  your  Committee's  report  on  rail  forms 
will  be  found  a  form  of  wheel  designed  by  Mr.  J.  N.  Barr,  M.  Am.  Soo. 
C.  E.,  and  now  largely  in  use  on  this  road  (Chicago,  Milwaukee  and  St. 
Paul),  in  which  the  available  contact  surface  of  rail  head  is  more  fully 
utilized  than  in  the  usual  form  of  conical  tread.  In  this  tread,  it  will  be 
noticed  that  besides  altering  radii  at  throat,  the  main  bearing  portion  is 
formed  to  a  curve  having  the  same  radius  as  rail  head — 10  inclie?.  In 
Mr.  Barr's  absence,  I  have  not  at  hand  figi\res  for  relative  i)erformance 
of  these  wheels  with  those  having  tread  of  usual  design,  but  can  state 
generally  that  results  have  been  most  satisfactory,  which  is  confirmatory 
evidence  in  the  direction  we  desired. 

Now,  in  regard  to  Mr.  Whittemore's  proposition  definitely;  looking 
at  it  from  the  direction  of  its  effect  upon  rolling  stock,  I  heartily  second 
the  attempt  to  i)rovide  increased  contact  surface  between  wheels  and 
rails  by  increased  width  and  parallelism  of  surfaces,  but  am  doubtful  of 
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the  effect  of  the  particular  method  of  secaring  it  by  flat  tops  and  cyliu- 
drical  treads  having  their  contact  in  a  horizontal  plane,  upon  flange 
wear  of  our  wheels.  Car  trucks  are  seldom  found  with  perfect  parallel- 
ism of  frame  and  axles,  so  that  the  tendency  in  all  trucks  is  to  run  more 
or  less  to  one  side.  This  is  appreciably  counteracted  by  either  coning 
wheels,  inclining  the  rails,  or  the  form  given  throat  of  wheel,  tending 
to  equalize  wear  over  whole  tread  by  causing  end  oscillation  of  axle. 
Do  we  not  remove  a  large  factor  in  this  desirable  action  by  surfaces  so 
disposed  as  to  be  in  equilibrium  in  any  position  assumed  ?  I  am  here 
supposing  the  extreme  case  of  cylindrical  wheels  with  the  usual  sharp 
fillet,  i  to  f-inch  radius,  at  the  throat.  In  Mr.  Barr's  wheel,  coning 
is  dispensed  with,  but  an  intermediate  curve  of  1 J -inch  radius  is  formed 
between  throat  and  tread,  which  I  believe  supjDlies  the  needed  condi- 
tion for  distribution  of  wear. 

From  an  examination  of  a  considerable  number  of  plaster  casts  taken 
of  rails  in  track  and  tracings  of  wheel-treads  in  ail  stages  of  wear,  I 
am  inclined  to  thiuk  that  the  contact  area  between  tlie  two  very  rajiidly 
approximates  the  maximum  allowed  by  width  of  rail  head  after  the 
wheels  are  put  into  service,  so  the  question  of  parallelism  of  surfac33 
very  quickly  solves  itself. 

I  am,  therefore,  of  the  opinion  that  we  should  consider  a  rail  having 
sharp  corner  curve,  as  wide  a  head  as  the  weight  of  the  section  and  safe 
rolling  conditions  will  allow,  and  radius  of  top  at  least  as  great  as  10 
inches;  wheel-tread  to  be  modified  in  throat  in  some  such  manner  as  Mr. 
Barr  suggests,  the  remainder  of  tread  to  be  of  same  curve  as  rail  top. 
In  this  manner  we  will  preserve  uniformity  of  wearing  conditions  under 
varying  conditions  of  track  surfacing,  curvature,  etc.,  in  the  best  possi- 
ble manner. 

It  may  hardly  be  the  place  here  to  discuss  the  best  section  of  rail 
throughout,  but  I  believe  that  we  can  with  advantage  considerably 
modify  the  present  proportions  without  adding  to  weight,  if  so  desired, 
by  adopting  Mr.  Whittemore's  suggestion  as  to  width  of  head,  increas- 
ing height  of  rail  and  its  strength  consequently  as  a  girder,  adding 
little  or  nothing  to  web  thickness,  but  equalizing  amount  of  metal  in 
head  and  foot  by  adding  to  foot,  narrowing  same  to  obtain  good  distribu- 
tion of  metal  for  rolling  and  favorable  shrinkage  conditions.  Here  we 
would  have  a  rail  which  would  leave  the  mill  iu  the  moat  perfect  phys- 
ical condition,  and  in  the  track  would  offer  the  least  contact  pressures 
with  ample  material  for  abrasion  and  would  have  sufficient  stiftness  as  a 
girder  to  lessen  the  difficulty  of  keeping  track  in  surface.  With  better 
surface  the  "hammer  blow"  would  become  a  less  important  factor, 
harder  material  would  be  allowable  and  the  percentage  of  rails  removed 
for  battered  ends,  less. 

In  the  table  Mr.  Whittemore  has  given  (page  148),  showing  results 
we  have  obtained  from  some  analyses  and  physical  tests  of  rails,  the 
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first  ten  samples  on  list  were  from  rails  removed  from  track  after  only 
two  to  three  years  of  service  for  excessive  wear  or  crushing.  In  every 
case  the  photograph  of  etched  section  showed  the  undoubted  cause  of 
the  wear;  thus,  in  Plate  L,  an  etching  of  sample  666,  will  be  noticed 
a  zone  of  flattened  blow-holes  enveloping  the  entire  section  about  i  inch 
below  the  surface;  these  appear  beantifiilly  clear  in  the  photograph, 
but  not  so  well  defined  in  the  engraving.  Sample  726  shows  spongy 
section  throughout,  apparently  from  a  frothy  ingot;  the  high  silicon 
would  here  appear  to  indicate  imperfect  conversion,  as  the  physical  test 
of  rail  shows  cold-short  rotten,  rather  than  hard  and  brittle  material. 
Almost  the  identical  amount  and  distribution  of  hardeners  in  a  different 
make  of  rail,  and  one  made,  I  believe,  by  a  different  process,  shown 
by  52Z>,  pi'oduced  most  excellent  physical  results,  and  from  the  etched 
section  and  behavior  of  the  metal  under  the  tool  in  machine  shop,  I 
should  predict  excellent  results  in  track. 

Not  to  follow  analysis  of  table  fiirther,  it  is  appai'ent  that  the  most 
variable  chemical  and  physical  characteristics  prevail  in  steel  rails,  and 
that  failures  are  many  times  to  be  explained  by  undoubted  physical 
defects,  defects  certainly  not  traceable  to  design  largely,  but  rather  to 
some  undetermined  relation  between  chemical  composition  and  jDhysical 
treatment  in  the  mill,  a  relation  not  clearly  revealed  to  us  by  the  ordi- 
nary chemical  and  physical  tests  which  give  reliable  indication  of  the 
quality  of  other  structural  material. 

Mr.  Whittemoee. — In  regard  to  the  form  of  wheel  tread  as  designed 
by  our  member,  Mr.  J.  N.  Barr,  cited  by  Mr.  Gibbs,  I  have  it  from  Mr. 
Barr  that  he  so  formed  the  tread  of  his  wheels  to  best  meet  the  blunder 
of  the  curved  top  rail;  it  was  in  his  power  to  control  the  one  and  not 
the  other  in  his  own  field  of  Avork,  and  it  is  my  opinion  that  he  has  met 
the  fault  he  did  not  control  as  thoroughly  as  he  could.  I  have  it  from 
Mr.  Barr,  personally,  that  could  we  have  flat  topped  rails  he  would  have 
his  wheels  cylindrical. 

L.  L.  Buck,  M.  Am.  Soc.  C.  E. — If  we  do  not  see  any  tests  of  the 
efficacy  of  using  cylindrical  wheels  and  broad  flat  topped  rail  heads 
until  there  is  a  general  movement  of  railroad  companies  in  that  direc- 
tion, it  is  i^robable  that  we  shall  have  a  long  time  to  wait.  There  is  still 
a  strong  prejudice  in  favor  of  the  coned  wheel,  and  so  long  as  coning 
continues  in  general  use,  a  large  part  of  the  advantage  of  using  the  flat 
topijed  rail  would  be  lost.  Still  it  would  prevent  the  destructive  effect 
upon  the  rail  head  caused  by  the  cylindrical  driving  wheels  as  illus- 
trated in  Mr.  Whittemore's  paper.  Of  course,  a  new  coned  wheel 
would  not  have  much  bearing  upon  it,  nor  would  a  badly  worn 
wheel,  and  the  consequence  would  be  that  they  would,  in  a  short  time, 
wear  broader  bearing  surfaces  for  themselves,  and  that  in  time  they 
would  round  the  top  of  the  rail.     Were  the  wheels  cylindrical  and  the 
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lieads  of  the  rails  broad  and  flat,  the  same  result  would  take  place,  hut 
not  nearly  as  rapidly  as  with  the  coned  wheels.  There  would  always 
be  a  portion  of  the  surface  of  the  wheel  which  woiild  wear  more  rapidly 
than  any  other  part,  tlnis  forming  a  more  or  less  shallow  groove,  which,  in 
turn,  would  round  the  top  of  the  rail.  The  amount  of  such  wear  would 
depend  upon  the  proportion  of  such  worn  wheels  to  the  new  ones  in  use 
and  upon  the  extent  to  which  the  wheels  were  permitted  to  wear  before 
they  were  "trued  up"  or  rejjlaced.  ]3ut  it  would  be  absolutely  im- 
possible to  keep  the  tops  of  the  rails  perfectly  flat. 

If  now  there  is  a  chance  that  the  life  of  the  rail  would  be  increased 
by  making  the  greater  portion  of  the  top  of  the  head  flat,  there  seems  to 
be  no  reason  why  the  experiment  could  not  be  tried  now  as  well  as  at  some 
future  date.  If  some  railroad  company  having  occasion  to  order  a  large 
lot  of  rails,  should  ask  for  enoug'i  flat  topped  ones  to  lay  several  miles 
continuously,  followed  or  preceded  by  the  prcent  form  of  head,  I  do 
not  believe  they  would  bs  taking  any  risk.  The  rails  could  not  wear 
out  any  more  rapidly,  and  it  is  reasonable  to  suppose  they  would  not 
wear  out  as  rapidly,  for  the  reason  that  after  having  become  rounded  on 
top  they  would  still  be  as  good  as  the  ordinary  rail,  and  we  should  have 
the  time  it  required  to  wear  them  to  that  condition  as  a  nearly  net  gain. 

One  of  the  objections  that  I  have  heard  used  against  the  flat  surface 
of  the  head  is,  that  in  rolling  such  a  rail  pieces  of  cinder  or  scale  are 
liable  to  get  between  the  rail  head  and  the  shoulders  of  the  grooves  of 
the  rolls  and  cause  cycloidal  scratches  on  the  top  of  the  rail.  I  do  not 
think,  however,  that  this  woiild  be  difficult  to  overcome. 

Should  the  experimental  piece  of  track  show  satisfactory  results,  it 
might  encourage  somebody  to  experiment  on  cylindrical  wheels,  and 
ascertain  whether  the  loss  due  to  the  resistance  on  curves  (if  such  resist- 
ance is  thereby  increased)  was  not  more  than  compensated  by  increased 
life  of  rails  and  wheels. 

Moses  Burpee,  M.  Am.  Soc.  C.  E. — I  consider  a  wheel  of  which  the 
greater  portion  of  the  tread,  or  say  about  2i  inches,  is  cylindrical,  abetter 
one  than  the  ordinary  conical  wheel.  That  the  latter  does  not  give 
entire  satisfaction  is  evident  from  the  present  discussion.  To  discover 
the  faults  which  underlie  its  failure  to  do  so  and  to  present  a  plan  by 
which  these  faults  may  be  eliminated  is  a  duty  which  no  engineer 
should  shirk. 

The  benefits  expected  from  the  coning  of  wheels  are  in  practice  sel- 
dom realized,  I  believe,  even  in  new  wheels  on  good  track,  and  still 
more  seldom  with  worn  wheels  on  either  good  or  indiff'erent  track,  prob- 
ably never  when  both  wheels  and  track  are  in  poor  condition. 

The  wear  which  is  certain  to  occur  after  a  few  months  use  is  either  to 
reduce  the  diameter  near  the  flange  to  at  least  as  small,  if  not  a  smaller 
one  than  that  near  the  edge  of  the  tread,  in  which  case  the  tendency  on 
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curves  to  press  to.  the  puter  rail  results  in  bringing  as  large,  if  not  a 
larger,  diameter  on  the  inside  and  shorter  rail,  or  the  reverse  of  what  is 
supposed  to  be  obtained  by  coning  the  wheels. 

"While  it  is  one  thing  to  demonstrate  that  the  practice  of  coning 
wheels  is  probably  useless,  it  is,  of  course,  another  thing  to  show  that 
there  may  be  something  gained  by  adopting  the  cylindrical  wheel  pro- 
posed by  Mr.  Whittemore. 

I  think  it  has  been  plainly  shown  by  the  diagrams  made  of  worn 
wheels,  with  which  all  are  familiar,  that  the  object  of  the  practice  of 
coning  is  seldom  attained  and  never  for  a  long  time  held. 

There  can  probably  be  no  doubt  that  cylindrical  wheels  are  much 
more  liable  to  run  in  a  straight  line  with  less  lateral  pressure  on  either 
rail  than  conical  ones  are.  To  illustrate,  suppose  we  have  a  set  of  new 
conical  wheels  on  good  track,  just  leaving  a  curve  and  with  the  flanges 
against  the  outer  rail.  The  tendency  is,  as  soon  as  it  gets  on  tangent 
to  run  toward  the  other  rail  in  order  to  liring  the  equal  diameters  of  the 
pair  in  bearing.  The  momentum  as  well  as  the  direction  of  the  wheels 
will  carry  it  beyond  that  point  and  reverse  the  order,  which  will  also  in 
turn  reverse  the  motion,  and  a  series  of  vibrations  will  be  kept  up  for  a 
length  of  time  which  depends  much  on  the  condition  of  track.  I 
believe  this  motion  exists  on  the  best  track  in  a  slight  degree,  and  on 
indifferent  track  to  a  greater  degree,  and  is  aggravated  by  every  imper- 
fection of  line  or  level.  If  this  is  so,  there  must  be  a  good  deal  of  conse- 
quent flange  friction  and  wear,  as  also  a  tendency  to  spread  the  gauge  of 
the  road,  especially  where  soft  wood  ties  are  used.  I  believe,  therefore, 
that  there  is  a  constant  and  growing  tendency  for  conical  wheels  to  injure 
the  track  they  run  upon,  and  that  this  tendency  would  be  almost,  if  not 
entirely,  eliminated  by  the  use  of  cylindrical  wheels,  in  so  far  as  the 
lateral  vibrations  are  concerned. 

The  objections  to  cylindrical  wheels  on  account  of  inadaptability  to 
curves,  has,  I  think,  not  been  shown  to  be  greater  than  actually  exists 
with  conical  wheels,  that  are  even  slightly  worn,  and,  inasmuch,  as  by 
far  the  greater  proportion  of  the  mileage  of  the  railways  of  the  country 
is  straight  line,  it  must  be  better  economy  to  ])rovide  for  circumstances 
of  the  most  frequent  occurrence  by  what  can  be  shown  therein  to  work 
well,  and  fairly  well  at  least  in  less  favorable  circumstances,  than  to 
sacrifice  a  good  thing  for  the  sake  of  one  which  has  been  supposed  to 
work  well  in  the  less  frequent,  and  tolerably  in  the  more  frequent,  cases 
of  ordinary  practice,  but  which  has  been  found  wanting  in  either. 

While  I  am  satisfied  that  a  cylindrical  wheel  as  proposed  by  Mr. 
Whittemore  would  be  an  improvement,  even  on  the  ordinary  rail  now 
used,  I  believe  its  chief  merit  lies  in  the  opening  it  gives,  or  would  give, 
for  the  adoption  of  a  flat  top  rail — thus  securing  much  better  conditions 
for  wear,  of  both  wheel  and  rail,  as  well  as  for  adhesion. 

I  presume  there  would  be  but  little  difficulty  in  rolling  such  a  section, 


DISCUSSION   ON    RAILWAY   WHEELS    AND    RAILS.  179 

as  it  would  be  but  little  more  than  half  the  width  of  the  flange,  which 
ia  at  least  nearly,  if  not  quite,  flat,  and  would  favor  as  large  a  radius  for 
the  crown  of  rail  as  possible,  should  a  perfectly  flat  one  be  impracticable 
in  manufacture. 

Waterman  Stone,  Assoe.  Am.  Soc.  C.  E. — I  have  not  quite  out- 
grown the  effects  of  my  early  education  as  to  the  coning  of  wheels, 
and  I  am  of  the  opinion  that  rails  rolled  with  a  top  radius  of  11  or 
12  inches  are  to  be  preferred  to  those  with  a  flat  top.  While  I  dep- 
recate the  multiplication  of  rail  patterns,  I  hope  that  some  road  will 
be  found  with  sufficient  courage  to  give  Mr.  Wliittemore's  plans  the 
test  of  experience. 

E.  PoNTZEN,  Cor.  M.  Am.  Soc.  C.  E. — In  some  remarks  on  the  report 
of  the  Committee  on  form  of  rails  and  wheels  I  said:  "I  would  admit 
the  12-inch  radius  or  even  a  flatter  top,  but  only  if  the  tread  of  the 
W'heels  is  cylindrical." 

I  said  further  "the  flatter  top  reduces  the  chances  of  producing 
grooves  in  the  tread." 

On  these  points  I  am  of  the  opinion  of  Mr.  Whittemore  as  regards 
the  top  of  the  rail.  Like  him,  I  am  afraid  of  the  "  out-squeezing"  of 
the  toj?  of  rails,  what  he  named  the  outflow  of  the  metal;  and  for  tliat 
reason  I  had  wished  to  avoid  bringing  the  bearing  of  the  wheel  too 
near  to  the  lateral  face  of  the  rail.  But  I  agree  with  Mr.  Whittemore 
in  considering  the  increased  surface  of  contact  between  v/heel  and  rail 
as  very  useful  in  this  respect. 

The  eflBciency  of  conical  wheel  treads,  and,  as  a  consequence  of  it,  of 
a  rail  top  not  flat,  for  the  passage  of  wheels  through  curves,  is  absolute 
as  long  as  we  consider  a  single  axle;  but  when  two  axles  are  connected, 
the  advantages  of  the  cones  are  diminished,  and  this  the  more  as  the 
distance  of  the  axles  increases. 

The  wear  and  tear  of  rails  and  wheels  results  from  two  causes:  the 
rolling  motion  under  too  high  pressures  and  the  friction.  With  flat  rail 
tops  and  cylindrical  wheels  the  first  will  be  much  reduced,  but  at  once 
the  second  will  increase,  as  in  curves  cylinders  of  the  same  diameter  will 
have  to  make  longer  runs  on  the  outside  rail  than  on  the  inside  rail. 
The  axles  of  the  wheels  will  have  to  support  the  increased  torsion 
stress,  which  changes  direction  with  the  direction  of  the  curves. 

When  the  wheel  treads  are  grooved,  the  contact  face  between  rail 
and  wheel  is  increased  and  the  advantages  of  conical  wheel  tread  dis- 
appear, the  first  cause  of  wear  will  diminish,  the  second  increase.  But 
the  conditions  will  not  be  then  quite  the  same  as 
when  the  wheels  should  be  cylindrical  and  the  rail  t 
top  flat.  The  groove  will  come  in  aid  to  the  flanges;  % 
but  it  is  of  no  great  use,  and  I  mention  it  only. 
Another  diflerence  is  of  more  importance,  as  long  as  the  flat  top  rails 


180  DISCUSSION"   ON    RATLAVAY    WHEELS   AND    RAILS. 

are  not  of  general  use,  and  as  long  as  grooved  wheels  will  therefore  run 
on  the  lines  which  will  have  introduced  the  flat  top  rail,  the  bearing  of 
the  grooved  rails  will  be  entirely  on  the  edges  of  the  rail  head  of  the  flat 
top.  This  drawback  would  be  avoided  with  rails  not  having  a  flat-top. 
I  am  also  afi'aid  that  the  rolling  of  flat  tojis  would  present  some  diffi- 
culties. 

In  conclusion  I  would  say  that  cylindrical  wheels  and  rails  with 
curved  top  of  more  than  12  inches  radius,  say  15  inches  or  more,  would 
prepare  for  the  future  a  good  way  and  prevent  for  the  present  the 
danger  to  which  flat  top  rails  are  exposed  by  grooved  wheels. 

I  believe  that  Mr.  Whittemore  proposed  only  the  Strickland  or 
Brunei  rail,  in  view  of  the  bad  effect  of  grooved  wheels  on  the  Stevens 
or  other  single  flange  rail.  In  my  mind  we  will  never  return  to  the 
U  rail. 

A.  Gottlieb,  M.  Am.  Soc.  C.  E. — I  fully  agree  with  the  author 
that  a  larger  surface  contact  between  wheels  and  rail  would  reduce  the 
excessive  crushing  strains,  per  unit  of  surface,  on  both,  and  thereby 
enhance  the  life  of  both  rolling  stock  and  track.  That  this  can  be 
achieved  by  cylindrical  wheels  and  flat  topped  rails,  as  long  as  they  are 
new,  or  can  retain  their  original  shajie,  is  equally  true;  but,  can  this  be 
done? 

It  seems  to  me  that  such  shape  of  wheel  and  rail  top  would  answer 
best,  which  through  continuous  use  and  abrasion  would  bring  more  and 
more  surface  in  contact,  instead  of  having  such  contact  from  the  start  with, 
new  material,  and  diminishing  the  same  through  actual  service.  Rails 
with  ciarved  tojjs  and  sharp  corners,  and  conical  wheels  with  obtuse 
angles  between  rim  of  wheel  and  flange,  seem  to  me  to  be  approaching 
this  condition  better  than  those  suggested  by  the  author. 

That  the  rails  do  not  render  service  until  they  are  worn  out,  but 
deteriorate  a  great  deal  faster,  is,  in  my  opinion,  not  exclusively  due  to 
the  heavy  pressures  im^Dosed  upon  them  by  the  locomotive  driving 
wheels,  but  more  so  to  the  high  speed,  imperfect  tracks  and  faulty 
joints.  In  this  respect  the  shapes  suggested  by  the  author  would  not 
remedy  the  evil.  The  style  of  joints  mostly  used  at  preseut,  angle  bars 
bearing  under  the  head  of  the  rail  as  well  as  on  the  foot  of  the  rail,  seems 
to  me  a  barbarous  abuse  of  the  rail ;  it  reminds  me  of  a  slugger  of 
studied  cruelty,  who  uses  an  ingenious  device  to  hit  the  corn  on  the  toe 
with  the  same  blow  he  deals  to  the  head  of  his  victim. 

The  imperfections  above  mentioned  cause  the  life  to  be  pounded  out 
of  the  rail,  before  it  has  time  to  bo  rendered  worthless  by  wearing.  The 
same  is  experienced  with  good  sound  oak  cross-ties,  that  naturally  ought 
to  do  service  for  about  seven  years,  while  on  roads  with  heavy  traffic 
and  high  speed  of  trains  they  do  not  last  more  than  two  or  three  years. 
The  life  is  pounded  out  of  them,  said  an  experienced  engineer  to  me 
some  time  ago. 
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On  page  148  Mr.  Whittemore  states  as  follows,  with  reference  to  the 
test  made  by  the  Chicago,  Burlington  and  Quincy  Railroad  with  new 
and  old  rails:  "  It  will  be  observed  that  these  tests  do  not  show  any  re- 
markable change  through  use;"  and  again,  "While  the  aj^pearance  of  the 
photogi'aphic  etchings  can  be  sometimes  observed  in  new  rails,  owing, 
as  is  believed,  to  faulty  manufacture  or  of  design,  yet  fractures  of  this 
rail  before  use  did  not  show  such  defects  of  structure. 

"It  is  the  slow  but  fatal  development  of  an  internal  organic  disease  in 
a  structure  that  is  not  organic,  if  we  may  borrow  an  idea  from  a  present 
rejiort,  a  sort  of  tuberculosis  disease,  with  its  slow-forming  cavities." 

Now,  while  I  fully  agree  with  Mr.  Whittemore  as  to  the  latter  state- 
ment, I  beg  to  difl'er  materially  with  him  as  to  the  showing  of  the  test 
results  above  referred  to  in  the  tirst  part. 

Considering  the  first  fifteen  tests  of  the  table,  made  with  rails  manu- 
factured by  "  F,"  which  presumably  are  of  the  same  material,  it  will  be 
noticed,  that  while  in  the  new  rail  the  ultimate  strength  is  high,  it  is 
low  in  the  specimens  from  old  rails.  Again,  while  the  elastic  limit 
for  the  new  rails  shows  an  average  of  52  per  cent,  of  the  ultimate 
strength,  it  is  in  the  old  rail  60  per  cent,  and  the  elongation  in  new  and 
old  rails  9^%  and  18  per  cent,  rt^spectively. 

The  larger  elastic  limit  and  elongation,  combined  with  lower  ulti- 
mate strength,  in  the  old  rail  specimens,  tells,  I  believe,  the  whole  story, 
and  explains  also  the  cavities  shown  on  the  etchings.  The  life  has  been 
pounded  out  of  the  rail  before  it  had  time  to  wear  out. 

These  test-results  are  perfectly  in  accord  with  the  experience  of  test- 
ing laboratories,  or  of  engineers  having  experience  in  testing  eye  bars 
for  bridges.  If  a  bar  is  tested  and  is  strained  slightly  beyond  its  elastic 
limit,  then  removed  from  the  testing  machine  and  allowed  to  rest  for  a 
time,  say  a  few  weeks,  and  then  again  the  test  continued,  it  will  be 
found  that  the  so  tested  bar  will  show  new  life,  and  the  elastic  limit  will 
be  higher  than  the  first  time;  the  elongation  will  be  greater,  but  the 
bar  will  ultimately  fail  suddenly  with  greatly  reduced  ultimate  strength 
from  what  might  have  been  expected.  It  reminds  one  of  the  last  effort 
of  ebbing  life  in  a  sick  and  dying  person;  the  remaining  spark  of  life 
has  concentrated  its  efforts  to  a  last  resistance,  but  after  that  the  col- 
lapse is  sudden. 

The  few  tests  referred  to  are  scarcely  sufficient  to  warrant  positive 
conclusions,  but,  in  my  opinion,  point  in  the  direction  indicated.  It 
would  be  very  desirable  to  have  more  tests  with  new  and  old  rails  of  the 
same  material,  to  determine  the  facts. 

If,  however,  my  views,  here  expressed,  are  not  erroneous,  the  remedy 
is  not  so  much  in  the  shape  of  rail-tops  and  wheels,  but  in  the  proper 
weight  of  rails,  with  reference  to  the  traffic  and  speed  of  trains,  the 
better  distribution  of  the  weight  over  all  the  wheels  of  the  locomotive, 
perfect  track  and  sound  couplings  at  rail  joints. 
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J.  Foster  CROWEiiij,  M.  Am.  Soc.  C.  E. — In  this  able  paper  Mr. 
Wbittemore  has  definitely  described  and  located  one  great  evil,  and 
suggested  a  remedy;  indirectly  he  has  referred  to  others  in  the  same 
field  hardly  less  great;  and  it  would  seem  that  we  cannot  proceed  very 
far  in  discussing  the  form  of  the  top  of  the  rail  and  of  the  w^heel  before 
we  encounter  positive  and  insistent  questions  of  the  form  of  the  rest  of 
the  rail,  of  its  process  of  manufacture,  of  its  support  and  fastening  in 
the  track,  and  of  its  maintenance  in  the  planes  in  which  it  is  placed. 

Probably  there  is  nothing  else  in  the  whole  range  of  railroad  appli- 
ances for  which  so  little  is  done  and  of  which  so  much  is  expected  as  the 
modern  rail.  It  is  conceived,  in  the  converter,  in  sin,  and  born  from 
the  rolls  in  iniquity;  it  is  tortured  and  beaten  to  correct  tbe  faults  of 
its  pre-natal  days,  and  put  out  of  shape  so  that  it  may  sit  up  straight;  it 
is  then  taken  out  with  its  fellows,  thrown  violently  down  a  steep  place, 
put  into  an  imperfect  track,  with  yielding,  shifting,  shrinking  support, 
subjected  to  the  weight  and  impact  and  i^ushing  of  loads  that  far  exceed 
its  strength;  at  length  it  expires,  still  in  early  life,  and  when  the  learned 
doctors  come  to  decide  why  it  did  not  live,  they  take  the  shajDe  of  what 
is  left  of  its  poor  head  and  consult  phrenologically.  It  is  not  too  much 
to  say  that  important  as  the  relation  is  of  the  top  of  the  rail  (and  the 
tread  of  the  wheel),  it  is  no  more  so  than  the  relations  which  concern  its 
footing. 

The  merits  of  Mr.  Whittemore's  suggested  arrangement  seem  to  me 
evident;  it  would  certainly  appear  to  be  the  natural  arrangement  for 
rails  on  straight  lines. 

There  was  at  one  time  a  belief  that  the  coning  of  wheels  caused 
them,  when  on  straight  track,  to  take  and  maintain  through  gravity  a 
central  position  between  the  rails.  This  tendency  is  the  only  advantage 
of  coning;  with  partly  worn  wheels  it  diminishes  or  altogether  disap- 
pears. Oq  curves,  especially  where  sufficient  elevation  is  not  secured, 
the  advantage  of  the  flat  topped  rail  is  not  so  marked,  for  the  reason 
that  in  taking  position  against  the  outer  rail  the  wheel  will  ride  up  on 
its  fillet,  and  all  the  weight  will  come  upon  the  rail  corner.  This,  it  is 
true,  is  a  condition  no  worse  in  its  extreme  case  than  exists  with  the 
curved  top  rail,  bat  the  fact  calls  for  attention,  and  suggests  the  query 
whether  we  should  not  have  a  special  type  of  rail  for  outsides  of  curves; 
those  rails  aggregate  in  this  country  about  12  per  cent,  of  the  entire  ser- 
vice— a  very  small  minority  to  govern  when  their  requirements  are  so 
much  greater. 

It  is  probable  that  if  flat  topped  rails  are  introduced  it  will  be  before 
all  coned  wheds  have  disappeared,  and  it  would  in  that  case  be  neces- 
sary to  adapt  the  outer  curve  rail  for  coned  wheels,  by  giving  inclina- 
tion to  the  top. 

In  regard  to  the  relative  wear  of  flat  topped  and  curved  top  rails  the 
deductions  of  Mr.  Whittemore  seem  to  me  convincing. 
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A  limited  amount  of  the  first  wear  of  new  rails  is  dae  to  abrasion. 
This  continues  until  the  seale  is  removed  from  the  part  of  the  head  that 
is  in  contact,  leaving  it  smooth  and  jjolished;  if  now  the  traffic  is  light 
and  the  metal  in  the  rail  uniform,  the  abrasion  continues,  but  at  a  much 
slower  rate,  until  the  head  is  worn  to  its  limit,  retaining  its  smooth  ap- 
pearance; but  under  heavy  traffic  the  rail  shows  altogether  different 
signs  of  wear — signs  that  show  that  abrasion  is  being  exceeded.  And 
soon  there  are  evidences  of  the  actual  failure  of  some  part  of  the  rail, 
although  the  surface  of  most  of  it  may  be  still  fit  for  a  long  service.  It 
seems,  then,  to  go  without  saying,  that  if  the  effect  of  the  major  cause  can 
be  reduced  bv  increasing  the  area  of  contact  to  limits  that  will  not  allow 
the  disintegration  to  take  place,  it  is  a  matter  of  small  concern  if  in  so 
doing  we  somewhat,  but  very  slightly,  increase  the  total  amount  of 
abrasion.  As  far  as  the  wheel  is  concerned  it  will  only  affect  that  portion 
of  the  tread  not  previously  in  contact;  and  as  for  the  rail,  it  is  its 
weakest  foe. 

Mr.  F.  W.  Webb,  Mech.  Eng.  London  and  North  Western  Rail- 
way.— I  am  afraid  that  if  the  rails  were  made  as  Mr.  Whittemore 
suggests,  in  a  very  short  time  they  would  shape  their  own  form  for 
themselves,  owing  to  the  wear  of  the  tires.  In  this  country  (England) 
we  do  not  apjjear  to  have  the  same  difficulty  in  rails  wearing  sideways 
as  you  have  in  the  States,  and  when  we  decided  upon  the  present  form 
of  the  top  of  our  bull  head  rail,  we  had  templates  taken  over  several 
miles  of  railway  of  rails  partially  worn,  and  we  then  made  the  toi)  of 
our  rail  as  near  as  possible  the  average  of  the  templates  we  had  taken 
in  the  way  described.  I  believe  we  get  over  a  good  deal  of  the  diffi- 
culty you  experience  by  greater  elevation  of  the  outer  rail  on  curves 
than  you  have.  I  know  of  no  rule  by  which  this  can  be  ascertained 
theoretically,  owing  to  the  various  speeds  of  trains  passing  over  various 
portions  of  the  road;  but  our  practice  has  been  when  there  are  indica- 
tions of  wear  on  the  side  of  the  outer  rail  to  elevate  that  rail  until  the 
wearing  disapj^ears. 

The  only  tires  wa  turn  cylindrical  are  in  our  six-wheeled  coupled 
engine  stock,  the  middle  wheels  being  turned  cylindrical,  so  as  to  ease 
them  in  going  round  curves;  the  diamster  being  the  same  as  the  mean 
diameter  of  tha  cone  over  the  center  of  the  rail  in  leading  and  trailing 
wheels.  The  inclosed  blue  prints  will  show  you  our  practice.  (Plates 
LXYI  and  LXVII.)  Our  standard  gauge  is  4  feet  8^  inches,  butin  going 
round  sharp  curves  we  widen  out  the  rails  up  to  4  feet  8|  inches. 

J.  D.  Hawks,  M.  Am.  Soc.  C.  E. — The  conclusion  which  Mr.  D.  J. 
Whittemore  draws  from  his  exj^erience  with  steel  rails  is  that  a  great 
many  of  them  split,  owing  to  the  metal  being  strained  beyond  its  elastic 
limit.  On  this  conclusion  he  founds  his  paper,  with  the  title  given 
above. 

If  this  conclusion  is  inco.rect,  then  the  paper  is  not  correct. 
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I  think  the  conclusion  is  wrong;  and,  consequently,  think  that  flat 
topped  rails,  instead  of  being  an  advantage,  would  be  a  disadvantage. 

Flat  toj^ped  rails  would  not  come  from  the  mills  straight,  but  wind- 
ing. They  would  not  be  laid  perfectly  level  on  the  ties,  and  would  not 
stay  level  if  they  were  so  laid.  Hence,  the  wear  of  the  wheels  would 
come  on  the  inside  or  outside  of  top,  and  aggravate  the  evil  intended  to 
be  cured.  I  do  not  think  the  evil  is  as  great  as  Mr.  Whittemore  infers. 
We  frequently  change  rails  that  have  been  worn  down  on  one  side  of  the 
rail  on  a  curve  to  the  straight  line,  or  even  to  the  inside  of  the  curve, 
and  this  throws  the  bearing  all  on  one  side  of  the  rail,  until  that  side  is 
worn  down  sufficiently  to  give  an  even  bearing  on  the  top.  I  never  have 
noticed  any  rails  so  used  that  have  split  and  cracked. 

I  have  put  new  rails  in  track  when  the  ends  showed  splits,  and  have 
watched  them  carefully,  in  order  to  see  how  long  they  would  wear  be- 
fore the  splits  fully  developed,  and  sometimes  it  would  be  years  before 
a  split  could  be  noticed,  except  by  a  person  who  knew  that  the  rail  was 
split.  I  have  also  left  rails  in  track  for  years  after  the  rail  showed  a 
decided  split.  I  do  not  recommend  such  a  course,  however,  and  I  now 
have  all  split  rails  removed  every  fall  from  track,  as  there  is  no  tendency, 
of  course,  in  split  rails  to  mend  themselves,  and  I  do  not  consider  it 
worth  while  to  see  the  length  of  time  they  will  wear,  when  an  accident 
may  result  from  leaving  them  in  a  little  too  long. 

Splits  can  frequently  be  detected  by  black  spots  or  black  streaks 
along  the  head  of  the  rail  before  the  split  has  opened.  I  have  cut  a 
great  many  rails  showing  these  black  streaks,  and  have  always  found  the 
split  that  I  was  looking  for.  I  have  also  frequently  found  splits  that  I 
was.  not  looking  for,  while  cutting  rails,  but  never  have  found  one  yet 
that  I  did  not  believe  resulted  from  a  defect  in  the  ingot,  and  not  from 
over-straiuing  the  rail. 

Splits  develop  more  frequently  in  the  ends  of  the  rail  than  in  the 
middle,  but  are  common  enough  in  the  middle.  Why  should  a  split 
show  in  one  part  of  a  rail  and  not  in  the  whole  length  of  it,  if  the  split 
came  from  over-straining  the  rail,  and  not  from  a  mechanical  defect?  I 
have  frequently  cut  off  the  end  of  a  rail  on  account  of  a  split,  and  worn 
out  the  remainder  of  the  rail  in  a  track  without  any  further  trouble 
from  sj^littiug.  Of  course,  the  end  of  the  rail  gets  the  heaviest  blow  and 
the  hardest  usage;  but  this  is  not  the  reason  why  splits  show  more  fre- 
quently at  the  end  of  a  rail  than  in  the  middle.  The  real  reason  is  that  the 
end  of  the  rail  is  nearer  the  end  of  the  ingot.  The  heavy  blows  ou  the 
ends  of  soft  or  "pewter"  rails,  that  we  had  so  much  trouble  with  a  few 
years  ago,  did  not  split  the  ends,  even  whi^n  the  ends  were  worn  or  bat- 
tered down  half  an  inch.  Of  course,  the  blow  under  these  circumstances 
was  very  much  more  severe  than  it  ever  is  in  a  properly  kept  up  track. 

It  is  frequently  the  case  that  rails  are  split  in  the  main  track  and 
taken  out  and  put  into  sidings  or  switching  tracks  with  half  the  heads 
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split  oflf,  and  will  stand  all  right  for  a  long  time  if  it  is  the  outside  half 
of  the  head  that  is  gone. 

There  is  no  part  of  engineering  where  more  care  is  needed  in  drawing 
conclusions  than  in  track  work.  Only  last  week  the  Vice-President  of 
a  large  steel  rail  mill  was  telling  me  that  a  western  road  was  very  much 
pleased  ovt  r  an  experiment  they  had  tried  of  putting  long  six-bolt  splices 
on  some  steel  rail  that  was  considerably  battered  at  the  joints.  The 
result  of  the  experiment  was  that  the  joints  got  very  much  better,  and 
the  conclusion  was  that  it  was  owing  to  the  long  si^lices.  "While  I  am 
an  advocate  of  the  long  splice,  I  still  was  under  the  necessity  of  relating 
a  little  exi^erience  of  my  own,  where  a  long  strip  of  Troy  steel,  that  had 
been  battered  so  much  at  the  joints  that  I  feared  the  whole  lot  of  it 
would  have  to  come  out  and  be  condemned  as  soft  rail,  improved  from 
year  to  year,  and  is  very  much  better  at  the  joints  now  than  it  was  five 
yeai's  ago;  and  still  it  has  on  it  the  four-hole  short  splices  with  which  it 
was  laid. 

Oar  sales  of  scrap  steel  from  2  100  miles  of  steel  rail  track  average 
aboiit  900  tons  per  year,  and  a  large  i^art  of  this  comes  from  worn  out 
steel  rail  frogs  and  ends  from  rails  which  are  cut  off  by  our  rail-saw. 

I  attach  oar  steel  rail  report  for  the  last  four  years,  showing  the  num- 
ber of  broken,  split  and  worn  out  rails  removed  from  track.  I  know  it 
is  not  customary  to  give  the  makers'  names  in  such  a  report,  but  do  not 
think  there  can  be  any  fault  found  with  it  in  this  case.  (Tables  Nos.  1 
and  2.) 

It  will  be  noticed  that  the  record  for  steel  made  during  the  last  four 
years  is  very  good  indeed.  The  record  is  deceptive,  in  some  respects, 
without  explanation.  Many  of  the  breaks  in  the  older  rails  were  caused 
by  launching  bolt-holes.  The  record  of  the  bruised  or  battered  rails 
would  have  been  very  much  larger,  except  for  the  fact  that  long  pieces 
of  track  laid  with  the  "  pewter "'  rails  showed  up  in  such  bad  shape  that 
they  were  taken  uj^,  and  the  rails  sent  to  branches  or  used  iu  sidings  after 
having  been  in  use  only  a  few  months  on  main  line. 

We  received  the  last  of  the  soft  rails  in  1884,  and  the  report  of  rails 
taken  out  of  track,  of  recent  rails,  is  very  good  indeed,  and  shows  no. 
increase  in  the  tendency  of  rails  to  split  on  account  of  over-straiuing  of 
the  metal,  as  all  rails  laid  since  1884,  until  this  year,  are  65  pounds  per 
yard.  Oar  standard  is  now  80  pounds  per  yard,  and  I  shall  be  disap- 
pointed if  this  heavy  rail  does  not  show  fewer  bruises  and  fewer  broken 
rails  than  the  60  and  65  pound  rail,  besides  giving  us  a  much  better 
riding  track,  and  one  that  can  be  maintained  at  much  less  expense. 

"We  get  considerable  wear  out  of  defective  rails  after  they  have  broken 
at  the  end  or  split  at  the  end,  as  we  saw  off  such  rails  and  use  them  on 
branches.  Of  course,  it  costs  money  to  do  this,  and  I  would  very  much 
prefer  that  they  would  not  split,  or  break,  or  braise,  but  have  very  little 
fault  to  find  with  such  a  record  as  that  of  the  last  four  years. 
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I  think  the  rail-makers  are  agreed  that  they  can  now  make  a  rail  from 
65  pounds  upwards,  of  any  of  the  recent  shapes,  that  will  carry  any 
traffic  in  this  country,  without  any  undue  tendency  to  split  or  crush.  I 
do  not  think  that  the  present  discussion  in  relation  to  flat  top  rails 
should  be  construed  as  showing  a  tendency  to  give  the  rail  men  any  more 
advantages  than  they  have  at  present.  We  have  had  a  great  deal  of 
trouble,  of  course,  from  poor  rails,  but  I  think  the  railroads  are  more 
responsible  for  a  good  share  of  this  trouble  than  the  rail-makers,  and 
from  my  experience  with  rails  during  the  last  few  years,  I  think  we  have 
every  reason  to  suppose  that  the  worst  of  our  trouble  with  poor  rails  ia 
over. 

TABLE  No.  1. 
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13 
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1844 
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5  227 

20  428 

(No  fault.)    Caused  by 
broken  wheel. 

(No  fault.)   CauBBd  by 
engine  slipping. 

Totals. 

124  423 

91 

42 

4 

137 

124  286 

Mr.  Whittemore.  —  Mr.  Hawks  states  my  position  quite  correctly, 
in  that  rails  split  and  fail  through  straining  them  beyond  their  limit 
of  elasticity.  He  states  further,  that,  if  this  position  is  incorrect, 
then  my  paper  is  incorrect,  and  then  i3roceeds  to  prove  to  his  oavu 
satisfaction  that  it  is  so,  knocking  me  out  in  the  first  round,  and  now 
the  question  in  my  mind  is  whether  his  blow  is  not  delivered  below  the 
belt.     I  think  it  is. 

Mr.  Hawks  will  not  contend  for  one  moment  that  rails  with  all  the 
defects  he  mentions  will  disintegrate  and  tiy  to  pieces  without  being 
subject  to  extraneous  strains,  and  these  strains  must  be  of  sufficient 
magnitude  to  exceed  the  limit  of  elasticity,  be  the  rail  defective  or  not 
80  far  as  manufacture  is  concerned.      These  strains  will  search  out  and 
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find  the  weakest  part  of  tlie  rail,  and  the  effect  will  there  be  first  ap- 
parent. 

The  point  I  make  is  that  in  no  way  other  than  by  corrosion,  does 
material,  good  or  bad,  fail,  except  through  strains  beyond  the  limit  of 
elasticity,  and  I  expressly  state  in  my  j^aper  that,  while  good  material 
will  render  greater  service  by  being  correctly  formed,  poor  material  will 
also  give  better  service  for  the  same  reason. 

While  I  must  admit  that  the  early  failure  of  many  of  our  rails  can 
be  attributed  in  a  great  measure  to  faulty  manufacture,  I  seek  to  call 
the  attention  of  our  members  to  a  fault  of  design,  which,  Avhen  cor- 
rected, will,  as  I  believe,  add  materially  to  the  service  of  both  good  and 
faulty  material.  Good  material  correctly  formed  can  only  be  secured 
through  care  in  manufacture  and  inspection,  and  the  rails  should  then  be 
laid  in  their  position  as  nearly  correct  as  practicable.  This  can  be  done, 
and  when  done  the  objections  raised  against  the  flat  headed  rail  will  be 
in  a  great  measure,  if  not  entirely,  overcome,  provided  we  can  have 
cylindrical  wheels  to  run  upon  them. 

M.  L.  Le  Rond,  C.  E.  (Ingenieur  des  Fonts  et  Chaussees). — Mr. 
Whittemore's  paper  is  highly  interesting  and  expresses  novel  ideas  on  a 
problem  which  may  be  considered  as  vital  for  the  near  future  of  railroads. 
He  points  to  the  frightful  overloading  of  the  metal  of  rails  and  tires, 
and  to  the  ever-growing  danger  concealed  in  such  a  practice.  An 
arrangement  which  shall  reduce  the  strains  in  the  metal  to  a  reason- 
able rate  beneath  the  elastic  limit,  will  avoid  fearful  disasters  which 
must  fatally  happen  otherwise  before  this  century  is  ended.  And  none 
of  the  advantages  claimed  by  the  author  of  the  pajjer  for  cylindrical 
wheels  traveling  on  flat  topped  rails,  seem  to  be  overestimated. 

The  values  given  in  the  table,  page  145,  show  that  with  Mr.  Whitte- 
more's  arrangement,  the  weight  on  wheels  can  be  safely  increased  to 
almost  any  extent,  providing  that  the  width  of  the  flat  top  and  cylinder 
shall  be  corresiDondingly  increased.  And  is  not  this  fact  one  of  common 
evidence,  viz. ,  that  the  Avay'  to  reduce  rotary  friction  on  a  yielding  sur- 
face is  to- increase  the  width  of  the  tread  of  wheels? 

On  a  solid  road-bed  narrow  treaded  wheels  may  do,  but  not  on  a  soft 
or  damp  soil ;  country  carts  must  have  wheels  j)rovided  with  a  broad 
tread,  or  they  will  be  soon  mired. 

On  railroads,  with  the  weights  now  in  use,  both  rail  and  wheel,  or 
tire,  must  yield,  increasing  the  resistance  of  trains,  as  well  as  crushing 
the  metal. 

So  that  the  flat  topped  rail  and  cylindrical  wheel,  being  the  safest, 
are  at  the  same  time  the  best  arrangement  to  secure  the  least  frictional 
resistance  on  tangents. 

It  is  easy  to  see  that  it  generally  reduces,  also,  the  friction  on  curves. 

In  the  case  of  flat  topped  rails  and  cylindrical  wheels  the  frictional 
resistance  will  be  [R — R^)  ex/ P 
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Where  R  and  E^  are  the  radii  of  the  outer  and  inner  rails, 

ex  the  angle  between  two  radial  positions  of  the  axle, 
/  the  co-efficient  of  sliding  friction, 

F  the  -weight  on  the  axle. 

On  the  other  hand,  in  the  case  of  usual  rails  and  coned  wheels,  the 
inner  traveling  on  its  greatest,  the  outer  on  its  least  diameter,  the  fric- 
tion will  be  for  the  same  length  of  curve  traveled  on, 
[r'—r]  w/P  -\-  {R—R')  afP 

Where  R,  R^,/,  a,  P  have  the  same  meaning  and  value  as  above, 

r^  is  the  greater  wheel  radius  (inner), 

r  is  the  least  wheel  radius  (outer), 

w  the  revolution  of  the  axle  corresponding  to  the  length  traveled  on. 

It  appears   therefrom  that,  as   stated,  the  resistance   is  greater  in 
the  case  of  coned  wheels,  and  the  value  of  the  excess  is 

(,.1— r)  IV  / 
Which  is  reduced  to   zero,  as   it  ought  to  be,  when  r^=r,  or  in  the 
case  of  cylindrical  wheels. 

The  adoption  of  Mr.  Whittemore's  ideas  in  American  railroad  prac- 
tice will,  therefore,  be  an  evident  progress. 

On  European,   viz.,  on  French  railways,  the  advantages  might  be 
less. 


It  is  a  custom  on  our  roads  to  notch  down  the  rails  on  the  ties  so  that 
their  web  is  not  vertical,  but  inclined,  from  bottom  to  top,  toward  the 
inside  of  the  track  ;  the  inclination  of  the  web  is  one  in  ten  (see  Figure). 

This  disposal  has  some  advantages,  to  prevent,  on  tangents,  the  rails 
from  spreading,  and,  on  curves,  from  turning  over. 
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The  coned  wheel  has  thus  its  tread  surface  sensibly  parallel  to  the 
rail  top,  aud  the  bearing  area  is  not  as  small  as  in  American  practice. 

The  coned  surface  is  then  properly  fitted  to  suit  the  inclined  top  of 
rails,  and  this  is  a  reason  which  forbids,  on  French  roads,  the  use  of 
cylindrical  wheels,  till  the  vertically  laid  rail  is  adopted. 

The  coned  wheel,  unfit  on  American  roads,  seems  not,  therefore,  to 
be  as  improper  on  ours  ;  although,  if  a  proper  fastening  of  rails  be 
secured,  the  adoption  of  Mr.  Whittemore's  ideas,  with  vertically  laid 
rails,  would  evidently  simplify  some  of  the  most  intricate  problems  now 
involved  in  railway  construction  and  maintenance. 

As  for  Brunei's  double  web  rail,  though  it  may  seem  theoretically 
commendable,  it  paid  no  good  service,  some  years  ago,  on  the 
"  Chemin  de  fer  du  Midi,"  where  it  was  tried  as  "rail  Barlow."  The 
iron  rails  of  that  pattern  had  to  be  all  taken  out  after  a  few  years. 

Chables  Blackwell,  M.  Am.  Soc.  C.  E. — In  regard  to  best  form 
for  rail  heads,  I  believe  that  the  excessive  weight  now  imposed  on 
engine  and  freight  car  wheels,  renders  it  necessary  to  meet  the  evil  by 
adding  to  the  utmost  extent  possible  to  the  areas  in  contact;  and  I  fully 
endorse  the  projiosition  to  make  the  rail  heads  entirely  flat,  with  a  i 
or  -i%  top  radius.  But  in  conjunction  with  this,  the  "rail  path "  or 
"tread  "  of  all  wheels  must  be  made  parallel. 

C.  Frank  Allen,  M.  Am.  Soc.  C.  E. — In  considering  rails  and  wheels 
and  tueir  preparation  for  the  scrap  heap,  and  in  considering  the  proper 
form  of  section  of  rail,  it  seems  to  me  that  for  the  immediate  i^resent 
we  should  look  closely  to  the  form  as  aflfecting  the  quality  of  rails  (or 
wheels),  and  I  believe  that  emphasis  should  be  laid  upon  the  fact  (recog- 
nized by  Mr.  Whittemore  in  his  paper)  that  "all  ills  the  rail  is  heir  to 
cannot  be  attributed  to  the  error  of  its  curved  top."  The  tendency  at 
2:)resent  seems  to  be  in  the  direction  of  heavier  sections  as  a  remedy  for  the 
unsatisfactory  wear  of  rails.  Is  it  certain  that  this  is  a  step  in  the  right 
direction  ?  What  can  we  gather  from  past  experience  upon  this  point  ? 
Quoting  from  the  paper  of  Eobert  W.  Hunt,- M.  Am.  Soc.  C.  E.,  read 
before  the  American  Institute  of  Mining  Engineers:  "One  of  the 
most  prominent  chief  engineers  of  the  country  said  to  me  not  long  ago 
that  he  supposed  his  road  woiild  lay  80-pound  rails  next  year,  but  he 
was  at  a  loss  what  section  to  adopt,  for  if  their  80's  gave  as  much  poorer 
service  as  compared  with  their  65'8,  as  the  latter  had  in  relation  to  their 
old  60's,  he  guessed  they  would  have  to  adopt  a  90-pound  rail  for  the 
following  year.  This  states  it  broadly,  but  it  is  a  generally  admitted 
fact  that  the  increased  sections  have  as  a  rule  been  disappointing  in 
their  wear." 

It  would  seem  possible  that  the  increased  size  was  obtained  at  the 
cost  of  the  "  physical  hardness"  of  the  metal,  the  larger  section  render- 
ing proper  rolling  difficult  or  impracticable. 


190  DISCUSSION    ON    RAILWAY    WHEELS    AND    RAILS. 

In  the  case  of  locomotive  tire^  the  discussions  of  the  "Western  Eail- 
road  Club,  not  long  since,  established  beyond  a  reasonable  doubt  the 
fact  that  3-inch  tires  were  superior  in  wearing  quality  to  4-inch  tires; 
and  the  principle  involved  would  appear  to  be  no  different  in  the  two 
cases  of  tires  and  rails.  All  the  above  evidence  certainly  is  not  favor- 
able to  large  sections  for  tires  or  rails  of  steel. 

History  often  repeats  itself,  and  in  the  case  of  iron  rails  it  appears 
that  a  similar  unsatisfactory  experience  with  heavy  iron  rails  was  had 
many  years  ago.  Quoting  from  Colburn  and  Holley  on  "Permanent 
Way  of  Eailroads,"  published  1858:  "The  45-pound  rails  made  in  1837 
for  the  Philadelphia  and  Reading  Railroad  have  stood  a  wonderful  wear. 
The  64  and  68-pound  rails  since  laid  down  in  their  place  have  gone  to 
pieces  with  less  than  one-third  the  same  wear." 

Again:  "In  1854  rails  of  85  to  100  pounds  were  considered  by 
Eoglish  engineers  to  be  the  best.  Since  that  time  it  is  found  in  the 
Eastern  counties  line  that  the  95-pound  rails  made  the  worst  road, 
were  less  durable,  and  in  course  of  time  became  the  most  da agerous,  as 
compared  with  75-pound  rails." 

"The  London  and  Northwestern  oJBfi^ers  report  more  failures  with 
the  82-pouad  rails  than  with  the  former  56-pound  rails." 

"  The  New  York  and  Erie  Road  has  had  rails  of  58,  60,  63,  65,  68,  72 
and  75  pounds  laid  down,  in  place  of  56-pound  rails,  the  heavier  iron 
almost  invariably  proving  inferior." 

The  experience  of  a  number  of  other  roads  noted  was  in  the  same 
line,  and  opinion  seemed  to  have  become  general  in  favor  of  60  to  70 
j^ounds,  rather  than  from  85  pounds  upward. 

One  experienced  buyer  stated  "that  the  only  good  way  to  get  good 
rails  was  to  contract  for  85  pounds  per  yard,  and  to  then  arrange  with 
the  manufacturer  to  supply  a  better  quality,  of  75  pounds  per  yard,  for 
the  same  gross  sum."  Isn't  it  possible  that  the  same  rule  will  hold 
good  for  steel  ?  It  seems  to  me  that  better  quality  is  what  is  needed, 
and  that  our  energies  can  best  be  directed  to  that  end  at  present. 

It  is  not  my  purpose  to  discuss  the  correctness  of  the  formulas  and 
results  used  by  Mr.  Whittemore.  The  status  of  affairs  seems  to  me  to  be 
this :  whether  or  not  we  have  thus  far  kept  within  the  elastic  limit,  there 
can  be  little  doubt  that  weights  of  rolling  stock  still  tend  to  increase, 
and  it  seems  probable  to-day  that  this  increase  will  be  limited  finally  by 
the  safe  carrying  power  of  the  rail,  and  we  shall  be  at  last  brought  to 
decide  what  form  of  section  will  safely  carry  the  heaviest  load.  Im- 
l^roving  the  quality  of  the  steel  will  help  us  and  may  delay  the  issue  for 
a  time,  but  the  question  is  going  to  be  not  altogether  whether  the  elastic 
limit  is  now  exceeded,  but  whether  it  will  be  exceeded  sooner  upon  a 
rail  with  a  curved  or  with  a  flat  top.  It  seems  to  me,  too,  that  when  we 
are  uj^on  the  point  of  exceeding  the  elastic  limit  on  the  toi)s  of  the  rails, 
we  shall  probably  have  passed  the  elastic  limit  at  the  rail  corners,  for 
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tlie  resultant  of  the  vertical  and  horizontal  forces  acting  on  the  rail  of 
the  curve  would  almost  certainly  be  greater  than  the  vertical  force  alone 
on  the  rail  of  the  tangent;  and  the  area  of  bearing  surface  ought  not  to 
be  less.  I  am  not  of  the  opinion  that  the  qustion  of  flat  topped  rails 
can  be  altogether  settled  upon  j^aper.  There  are  many  points  involved. 
What  will  be  the  effect  upon  traction — upon  rolling  friction  ?  Can  the 
rail  be  maintained  flat  ?  The  question,  it  seems  to  me,  is  whether  the 
expectation  of  benefit  from  the  use  of  flat  topped  rails  is  sufficient  to 
warrant  a  thorough  trial  being  made,  and  it  seems  to  me  that  this  much 
at  least  Mr.  Whittemore  has  shown  to  be  the  case  in  his  paper. 

0.  L.  SxKOBEii,  M.  Am.  Soc.  C.  E. — The  subject  of  the  relations  of 
the  sections  of  railway  wheels  and  rails  is  of  the  greatest  importance. 
Mr.  Whittemore  has  taken  exception  to  some  of  the  Committee's  con- 
clusions as  contained  in  its  Preliminary  Report,  and  has  very  ably  sup- 
ported his  views. 

Unless  all  mechanical  i)ractice  and  theory  in  the  past  are  wrong,  a 
point  contact  between  bearing  surfaces  is  more  destructive  than  a  line 
contact,  and  the  latter  is  more  so  than  a  surface  contact.  Points  and 
lines  in  this  sense  are,  of  course,  surfaces  also,  only  they  are  such  of 
very  small  area.  A  line  may  be  considered  a  succession  of  points  placed 
side  by  side. 

In  theoretical  investigations  of  this  subject,  it  has  usually  been  ad- 
mitted that  the  foi-m  of  the  surfaces  in  contact,  outside  of  the  area  of 
contact,  has  an  influence  upon  the  resistance  of  the  parts  in  contact;  but 
it  has  never  before  been  claimed,  so  far  as  I  know,  that  this  influence 
can  be  so  great  as  to  make  the  wear  less  for  a  point  contact  than  for  a 
line  contact.  Thus  cannon  ball  rollers,  when  used  under  the  movable  end 
of  a  bridge,  have  never  been  supposed  to  be  the  equivalent  of  cylindrical 
rollers,  roller  for  roller;  for  example,  a  3-inch  ball  has  not  been  used  in 
the  place  of  a  cylindrical  roller  3  inches  in  diameter  and  say  2  feet  in 
length.  If  this  substitution  had  been  made  the  result  would  undoubt- 
edly have  proved  disastrous 

The  loads  which  are  api^lied  upon  the  wheels  of  cars  and  engines 
may  not  be  excessive  for  a  point  contact,  but  Mr.  Whittemore  has  pro- 
duced strong  evidence  that  they  are. 

A  number  of  writers  have  endeavored  to  find  a  theoretical  solution  for 
the  problem  of  wheel  contact.  They  have  been  successful  only  by 
assuming  certain  approximations  to  the  actual  conditions.  Professor 
Grashof's  formulas  are  among  the  best  known,  and,  in  the  absence  of 
something  better,  have  been  extensively  used  to  determine  the  permis- 
sible loads  for  bridge  rollers.  The  values  obtained  cannot  be  assumed 
as  final,  but  they  are  at  least  serviceable  as  "an  educator  of  the  judg- 
ment," as  Mr.  Whittemore  puts  it.  Even  if  it  were  possible  to  solve 
the  problem  by  theory  absolutely,  there  would  still  remain  the  indeter- 
minable elements  of  impact  and  uuevenness  of  road-bed,  which  more  or 
less  invalidate  all  calculations. 
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In  tlie  light  of  all  tlie  information  we  have  upon  the  subject,  however, 
the  conclusion  seems  warranted  that  our  present  practice  overtaxes  both 
wheel  and  rail. 

If  the  elastic  limit  is  exceeded  the  metal  flows,  the  molecules  re-ar- 
ranging themselves  in  conformity  with  the  new  conditions.  This  occurs 
more  readily  in  a  homogeneous  metal  like  steel  than  in  a  fibrous  metal 
like  wroughtiron,  and  by  continued  action  of  this  kind  ultimate  disin- 
tegration takes  place.  The  motion  of  the  wheel  over  the  rail  is  j^articu- 
larly  favorable  for  such  destructive  action  in  the  rail. 

The  increase  in  the  loading  of  wheels,  which  has  been  going  on  for 
some  time,  is  not  likely  to  have  reached  its  limit  yet.  Metallic  cars,  of 
better  construction,  lighter  weight  and  greater  capacity  than  the  present 
rolling  stock,  will  be  introduced,  and  the  tendency  will  probably  con- 
tinue to  put  more  weight  upon  the  wheels.  This  may  require  a  radical 
reconstruction  of  the  railroads,  and  while  this  is  somewhat  startling  to 
contemplate,  it  is  a  change  such  as  takes  place  in  manufacturing  con- 
cerns in  comparatively  short  intervals,  namely,  the  substitution  of  a  new 
plant  for  an  old  one,  when  it  has  been  found  that  better  results  can  be 
obtainel  by  different  machinery  or  methods.  There  is  no  reason  why 
it  can  be  expected  that  railroads  will  be  exempt  from  such  changes. 

I  think  the  contact  l)etween  rail  and  wheel  should  be  a  line  contact, 
as  Mr.  Whittemore  proposes,  but  undoubtedly  a  slight  tendency  towards 
rounding  the  rail  top  will  exist,  due  to  abrasion  from  worn  wheels, 
which  will  be  more  or  less  hollow  in  the  tread.  While,  therefore,  the 
theoretical  condition  of  line  contact  cannot  be  absolutely  maintained, 
there  is  no  reason  why  we  should  not  make  as  close  an  approximation 
to  it  as  possible.  Whether  the  rail-top  should  be  an  inclined  surface  or 
horizontal,  and  the  wheel  be  conical  or  cylindrical,  may  be  open  to  ques- 
tion. Tlie  rail  could  be  inclined  inward,  as  is  done  to  some  extent 
abroad,  the  gain  from  which  would  be  that  the  flanges  have  a  smaller 
duty  to  perform  in  preventing  derailment  for  track  on  straight  line. 
This  would  result  in  less  flange  wear  and  smoother  running.  The  dif- 
ferent diameters  of  the  tread  of  conical  wheels  would,  however,  cause 
sliding  on  the  rail,  owing  to  the  difierent  velocities  of  the  peripheries, 
and  this  will  result  in  greater  abrasion  and  friction.  The  Committee 
has  found  that  flange  wear  with  our  present  practice  is  not  excessive, 
and  in  view  of  this,  cylindrical  wheels  and  upright  rails,  as  proposed  by 
Mr.  Whittemore,  may  be  the  better  plan.  In  this  case  there  would  be 
no  sliding  of  surface  for  track  on  straight  line,  excepting  for  flanges. 
Experiments,  however,  would  seem  necessary,  to  decide  the  question  sat- 
isfactorily as  to  which  plan  is  preferable. 

I  am  inclined  to  attach  considerable  imjiortance  to  a  change  in  rail 
section,  only  lightly  touched  upon  by  Mr.  Wliittemore  in  the  conclu- 
sion of  his  paper.  For  present  and  prospective  rail  loads,  the  question 
arises   whether  we   have  not  outgrown   the  old  T-rail,  and  ought  to 
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adopt  the  bridge  rail  of  the  type  used  on  a  number  of  roads  in  the  early 
days  of  railroad  construction.  This  rail  was  abandoned  because  of  the 
extra  weight  required  for  the  two  webs,  and  it  was  found,  also,  that  the 
rail  heads  could  not  be  made  of  harder  granular  iron  for  this  form  of 
section,  as  was  the  jjractice  for  the  other,  and  this  resulted  in  a  reduced 
life  of  the  rail.  As  steel  is  the  material  for  rails  of  the  present  day,  the 
last  objection  does  not  apply,  and  the  former  objection  loses  its  weight, 
as  we  are  now  called  iipon  to  provide  a  rail  weighing  from  80  to  100 
pounds  per  yard,  or  about  double  50,  the  weight  of  the  bridge  rails 
originally  used.  The  bridge  rail  is  much  more  stable  than  the  7"-rail, 
giving  a  broader  base,  hence  taxing  the  spikes  far  less,  and  the  bearing 
upon  ties  can  be  made  as  wide  as  desired.  I  have  seen  ties  in  a  bridge 
floor  spaced  1  foot  between  centers,  so  badly  cut  into  by  the  rail,  which 
was  of  a  light  pattern,  that  it  was  necessary  to  insert  sole  plates  between 
the  rail  and  the  tie.  We  have  doubled  the  weight  upon  the  wheels  as 
comi:)ared  with  former  practice,  but  we  have  not  increased  the  width  of 
base  of  our  T-rails  an  ecpial  amount.  Lastly,  the  bridge  rail  oflfers  ad- 
vantages in  the  splices  not  possessed  by  the  T-rail,  and  would  seem  to 
solve  the  problem  of  an  effective  splice.  This  alone  may  be  considered 
a  sufficient  gain  to  justify  the  change. 

Sketch  herewith  (Plate  LXVIII)  shows  an  85-pound  bridge  rail  with 
two  kinds  of  splices.  For  No.  1  no  bolts  are  needed,  or,  if  used,  would 
have  only  a  nominal  duty  to  perform.  No  difficulty  would  be  found  in 
making  the  si)lice  sufficiently  strong  for  the  i)ui*pose.  The  rail  section 
shown  has  fully  as  much  strength,  to  bridge  the  space  between  ties,  as 
any  T  form  of  rail  of  same  weight  in  use.  The  reason  for  this  is  that  the 
extra  metal  in  the  two  webs  is  compensated  for  by  the  head,  which  is 
shallow  and  wide,  and  the  center  of  gravity  of  which  is  further  from  the 
neutral  axis  than  in  the  case  of  a  T-iail.  As  regards  switches  and  frogs, 
there  would  be  no  difficulty  in  adapting  the  present  forms  of  these 
devices  to  the  new  section.  It  must  be  said,  however,  that  the  rolling 
of  this  section  would  be  somewhat  more  expensive  than  the  rolling  of 
the  y-rail,  but  this  additional  cost  Avould  be  small,  and  is  more  than 
made  wp  by  the  advantages  secured. 

Onwakd  Bates,  M.  Am.  Soc.  C.  E.— The  author  of  this  paper  has 
asked  me  to  discuss  it;  a  hard  thing  for  me  to  do,  because  to  my  mind 
it  should  go  without  saying  that  wheels  should  be  cylindrical  and  rails 
Hat  topped.  If  the  paper  advanced  the  converse  of  this  proposition  I 
think  I  could  write  a  vigorous  reply  to  it. 

If  there  was  no  question  of  wear,  I  should  favor  conical  wheels  and 
round  topped  rails,  for  then  the  wheels  would  traverse  a  single  ele- 
ment of  the  cylindrical  rail  top,  and  we  might  expect  the  circumfer- 
ences of  wheels  to  conform  to  the  lengths  of  rails  on  curves.  But 
wheels  and  rails  do  wear,  and  experience  indicates  that  wheels  in  use 
soon  lose  their  conical  shape  with  the  advantages  claimed  for  it.     With 
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conical  wheels,  the  rails  should  be  flat  topped  and  inclined,  so  that  on 
straight  track  the  wheels  should  rest  evenly  across  the  whole  portion  of 
the  rail  top  that  is  flat,  and  this  inclination  should  be  varied  on  curved 
track  to  fit  the  position  which  will  be  taken  by  the  conical  wheels.  If 
it  should  be  said  that  this  latter  requirement  is  more  theoretical  than 
practical,  I  would  replj  that  the  same  criticism  applies  to  the  coning  of 
wheels.  With  cylindrical  wheels  the  rails  should  be  flat  topped  and 
vertical. 

Assuming,  for  sake  of  argument,  that  wheels  and  rails  are  incom- 
pressible, the  area  of  contact  between  a  conical  or  cylindrical  wheel  and 
a  round  topped  rail  is  a  point  which  geometry  teaches  us  has  no 
dimensions,  and  with  the  same  wheel  on  a  flat  topped  rail  the  area  of 
contact  is  a  line,  with  the  one  dimension  of  length.  Consequently,  ac- 
cording to  Euclid,  in  the  one  case  the  wheel  has  nothing  to  stand  on, 
while  the  other  is  a  good  line.  With  the  compression  that  actuaUy 
occurs  there  is  a  visible  area  of  contact  having  dimensions  of  length 
and  breadth,  and  which  in  Mr.  Whittemore's  experiments  was  of  an  oval 
shape.  To  obtain  such  contact  displacement  of  metal  must  occur. 
This  displacement  is  greater  with  the  round  to^oped  rail,  where  the  metal 
flows  in  every  direction  from  a  central  point,  than  with  the  flat  topped 
rail,  where  the  flow  is  each  way  from  a  line.  The  total  area  of  contact 
is  small  for  the  load  sustained,  and  if  the  j^ressure  varies  over  this  area 
in  proportion  to  the  displacement,  which  I  assume  to  be  the  case,  the 
metal,  where  the  displacement  is  greatest,  must  be  strained  far  beyond 
its  elastic  limit,  and  the  round  topped  rail,  with  its  greater  displace- 
ment, sufi'ers  more  than  the  flat  topped  one.  Immediate  failure  does  not 
occur  because  the  overstrained  surface  of  the  wheel  or  rail  is  supported 
by  the  mass  of  metal  behind  it,  through  which  the  i^ressure  is  diffused. 
Every  loaded  wheel  traversing  a  rail  strains  the  top  surface  of  the  rail 
beyond  its  elastic  limit,  causing  surface  wear.  Another,  and  probably 
more  serious  result  of  this  overstress,  is  deterioration  of  the  metal  in 
the  direction  of  greatest  pressure,  as  shown  by  the  si^litting  of  tires  and 
of  rail  heads.  Force  acts  in  the  direction  of  least  resistance,  and  a  tire 
or  rail  will  inevitably  suffer  greater  damage  when  the  pressure  is  on  a 
line  or  a  narrow  strip,  than  when  distributed  over  a  flat  surface.  One  of 
my  articles  of  engineering  faith  is  that  failure  begins  when  the  elastic 
limit  of  the  metal  is  exceeded,  and  I  cannot  hold  that  faith  and  advocate 
a  round  tojiped  rail.  For  those  who  believe  diff"eiently  I  suggest  a 
simple  experiment.  Take  two  strips  of  metal,  one  with  a  cross-section 
corresponding  with  the  top  i  of  an  inch  of  a  round  topped  rail,  and 
the  other  with  the  same  jDortion  of  a  flat  topped  rail;  flatten  them  out  by 
l^assing  a  roller  over  them  in  the  direction  of  their  length,  and  note  the 
suits. 

The  question  of  the  proper  form  for  rails  other  than  their  top  bearing 
surface  is  not  here  under  discussion,  and  I  have  confined  mv  remarks  to 
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the  relation  of  a  wheel  to  this  top  surface.  1  believe  that  conical  wheels 
and  round  topped  rails  are  errors,  which  illustrate  how  long  a  fallacy 
may  exist,  and  that  it  has  existed  so  long  confirms  me  in  the  belief  that 
we  shall  vet  see  great  and  radical  changes  in  our  system  of  permanent 

way. 

George  S.  Morison,  M.  Am.  Soc.  C.  E. — The  general  substance  of 
the  argument  contained  in  Mr.  "Whittemore's  paper  is,  that  the  weights 
now  put  on  the  wheels  of  railroad  rolling  stock  are  so  great  that  the 
elastic  limit  of  the  rails  and  of  the  wheels  is  exceeded  at  the  point  of 
contact,  and  that  to  reduce  the  wear  the  area  of  contact  must  be  so 
increased  that  the  pressure  shall  be  brought  safely  within  the  elastic 
limit. 

This  area  of  contact  can  be  increased  in  two  ways;  first,  by  increas- 
ing the  diameter  of  the  wheel;  and,  second,  by  increasing  the  length  of 
the  line  of  contact.  As  wheels  are  necessarily  round,  comparatively 
little  increase  of  contact  is  obtained  by  increasing  the  diameter  of  the 
wheel.  The  surface  contact,  however,  will  increase  directly  as  the 
length  of  line  contact.  Mr.  Whittemore,  therefore,  proposes  to  use  a 
cylindrical  wheel,  rolling  on  a  flat  topped  rail,  thereby  securing  a  maxi- 
mum length  of  line  contact,  obtaining  exactly  the  conditions  which  are 
always  sought  for  in  rollers  carrying  extreme  weights,  or  in  machine 
finished  work. 

With  perfect  railroads,  operated  with  the  perfection  of  machine  work, 
there  would  be  no  doubt  of  the  correctness  of  Mr.  Whittemore's  pro- 
position. Unfoitunately  no  such  railroads  exist.  The  perfect  railroad 
would  be  of  uniform  gauge,  and  without  curves.  On  such  a  road  Mr. 
Whittemore's  cylindrical  wheels  would  roll  on  his  flat  topped  rails  with 
a  rate  of  wear  which  would  probably  hardly  be  appreciated.  All  friction 
and  wear  would  be  reduced  to  rolling  friction  and  rolling  wear,  and  the 
conditions  would  exist  under  which  rolling  wear  w^ould  be  reduced  to  a 
minimum.  As  soon,  however,  as  we  depart  from  this  class- of  road  new 
elements  come  in.  On  curves  w^e  could  retain  the  flat  topjDcd  rail,  but  it 
would  become  necessary  to  change  the  two  wheels  to  the  sections  of  one 
true  cone,  as  is  done  in  the  wheels  of  turn-tables,  while  perfection  could 
only  be  obtained  by  means  of  other  impossible  requirements. 

The  question  before  us  is  entirely  a  practical  one.  What  we  have  to 
consider  is  how  to  obtain  the  maximum  commercial  value  of  the  metal 
in  rails  and  wheels.  The  case  is  not  analogous  to  the  strains  in  bridge 
work,  where,  by  keeping  the  strains  safely  within  the  elastic  limit,  de- 
terioration is  practically  avoided.  It  is  admitted  that  rails  and  wheels 
must  wear  out.  The  question  is,  what  is  the  principal  source  of  wear, 
and  in  what  shape  the  minimum  amount  of  metal  will  endure  the  maxi- 
mum of  w-ear. 

Leaving  out  the  questions  of  the  special  strains  produced  by  the  pull 
of  locomotive  driving  wheels,  the  wear  of  rails  and  wheels  is  due  to  two 
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causes;  the  rolling  pressure  wbicli  Mr.  Whittemore  considers  so  import- 
ant, and  the  grinding  action  caused  bj  the  wheels  slipping  on  the  rail. 
If  the  rolling  wear  is  the  principal  one,  Mr.  Whittemore's  ideas  should 
be  accepted  in  the  design  of  rails;  if,  however,  the  grinding  action  is 
the  jirincipal  one,  the  form  of  rail  should  be  sought  in  which  this  grind- 
ing would  be  a  minimum. 

As  to  the  rolling  wear,  there  are  strong  reasons  for  questioning 
whether  elastic  limit  has  as  important  an  application  in  this  respect  as  is 
commonly  supposed.  Every  one  who  has  tested  the  strength  of  metals 
knows  how  important  the  element  of  time  is  in  all  such  tests.  It  takes 
time  for  metal,  even  under  extreme  strains,  to  develop  the  stretch  or  com- 
pression corresponding  to  those  strains.  In  the  case  of  a  train  running 
at  high  speed  on  a  railroad  track,  this  element  of  time  is  so  much  curtailed 
that  the  calculated  compression  in  the  rail  head  and  in  the  wheel  is  un- 
doubtedly very  much  reduced.  The  extreme  strain  does  not  exist  long 
enough  to  bring  about  that  distortion  of  material  which  has  a  jaermanent 
injurious  effect,  while  the  contact  area  is  undoubtedly  much  less  than 
calculations  or  experiments  on  wheels  at  rest  would  indicate.  The 
action  of  thin  ice  under  quickly  moving  weights  has  often  been  applied 
to  structural  conditions  to  which  it  bears  little  or  no  analogy;  it  does, 
however,  bear  a  close  analogy  to  the  case  before  us.  Thin  ice  will  bear 
a  heavy  weight  moving  rapidly,  simply  for  the  reason  that  the  ice  can 
break  only  by  the  movement  of  the  water  iinder  it,  and  there  is  no  time 
for  such  movement.  With  au  extreme  rolling  load  on  a  rail  or  wheel, 
the  metal  cannot  be  extremely  distorted,  simply  because  there  is  no  time 
for  that  movement  to  take  place.  Besides  this  element  of  time,  the  con- 
dition of  shape  has  perhaps  not  been  investigated  as  thoroughly  as  it 
should  be,  and  it  must  also  be  remembered  that  the  elastic  limit  can  be 
varied  very  much  by  the  process  of  manufacture,  and  that  the  direction 
on  which  it  is  called  to  resist  weight  in  a  rail  is  entirely  unlike  the 
direction  on  which  tests  are  usually  made. 

On  the  other  hand,  all  experience  indicates  that  the  wear  of  rails  is 
due  principally  to  the  grinding  action  caiised  by  a  slip.  A  familiar 
illustration  of  this  is  the  wear  of  rails  on  curves.  If  the  track  is  laid 
with  an  elevation  too  great  for  the  speed  at  which  trains  are  commonly 
run,  the  outer  rail  is  always  found  to  wear  out  first,  the  wear  being  most 
rapid  on  the  side  where  the  slip  of  the  flange  produces  the  maximum 
grinding  action;  if,  however,  the  curve  has  too  little  elevation  the  inside 
rail  will  always  wear  out  first,  the  wear  being  approximately  a  flat  wear 
on  top  of  the  rail,  the  rail  usually  assuming  a  shape  which  corresponds 
more  nearly  to  Mr.  Wiiittemore's  flat  topped  rail  than  is  to  be  found  in 
any  other  ijortion  of  a  track,  and  the  wear  being  a  niaximum  under  these 
conditions.  The  explanation  of  this  unequal  wear  is  very  simple.  With 
too  much  elevation  more  weight  is  carried  on  the  inside  than  on  the  out- 
side wheel,  and  the  latter  slips.     With  too  little  elevation  more  weight  is 
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carried  on  the  outside  than  on  the  inside  wheel,  and  the  inside  wheel 
slips;  in  eitlier  case,  the  wheel  which  has  the  greater  weight  on  it  rolls, 
and  the  one  with  the  lesser  weight  slips. 

The  statistics  collected  by  Mr.  Wellington  as  to  the  wear  of  wheels, 
and  contained  in  the  Preliminary  Report  of  the  Committee,  of  which  he 
and  I  are  members,  are  principally  valuable  as  showing  how  large  a  part 
the  grinding  action  of  the  slipping  wheel  has  to  do  with  the  wear  of 
wheels  and  rails. 

The  conclusion  which  I  individually  draw  from  my  own  observations 
and  from  statistics,  as  far  as  I  have  examined  them,  is  that  the  point  to 
be  studied  is  to  produce  a  form  of  wheel  and  a  form  of  rail  head  in  which 
the  slijD  shall  be  reduced  to  a  minimum,  believing  that  if  we  can  once 
avoid  the  grinding  e£fect  of  a  slip  we  can  stand  the  rolling  wear  of  loads. 
In  fact,  I  believe  that  the  extreme  loads  now  put  on  some  of  our  car  and 
locomotive  wheels  are  objectionable,  not  fi'om  the  wear  they  produce  on 
the  rail  head,  but  from  the  effect  on  the  lower  portions  of  the  track,  the 
bearings  on  the  ties,  the  spikes,  the  ties  themselves,  and  the  road-bed; 
on  these  their  effect  is  so  severe  that  I  am  strongly  inclined  to  believe 
that  a  system  of  chair-laid  track  similar  to  that  used  in  England  may 
yet  be  adopted  here. 

To  produce  the  minimum  amount  of  slip,  and,  therefore,  the  mini- 
mum amount  of  grind,  the  line  of  contact  between  the  rail  and  the  wheel 
should  be  kept  as  nearly  parallel  as  possible  to  the  center  line  of  the 
axj'e,  and  it  should  be  no  longer  than  is  consistent  with  a  reasonable 
approach  to  this  condition.  The  former  requirement  is  virtually  the 
same  as  Mr.  Whittemore's,  but  is  reached  from  an  entirely  different  line 
of  reasoning.  In  practice,  however,  it  must  be  somewhat  modified, 
owing  to  the  fuct  that  wheels  and  tires  will  necessarily  wear  hollow  so 
long  as  the  width  is  greater  than  the  width  of  the  bearing,  and  safety 
makes  this  extra  width  absolutely  necessary  on  every  curved  railroad. 
This  brings  us  to  precisely  the  conclusion  given  us  in  the  Preliminary 
Eeport  of  the  Committee,  namely,  that  the  head  of  the  rail  should  be 
made  with  a  large  radius,  but  not  absolutely  flat— in  other  words,  of  a 
shape  which  will  not  produce  exceptionally  irregular  results  when  the 
wheels  become  worn  somewhat  hollow;  and,  secondly,  that  the  contact 
between  the  flange  and  wheel  should  be  kept  at  as  near  the  top  of  the 
rail  as  possible,  which  simply  means  that  the  upper  corner  of  the  rail 
should  be  given  a  minimum  radius. 

Of  the  three  rails  illustrated  on  the  circular  of  April  20th,  the  best 
conditions  seem  to  be  made  by  Fig.  1,  Michigan  Central  standard,  the 
criticism  which  I  am  inclined  to  make  of  this  rail  being  that  the  head  is 
perhaps  a  little  wider  than  is  wise,  and  that  a  head  2jr  to  2|  inches  wide 
would  probably  give  at  least  equally  good  results.  The  objection  to  so 
narrow  a  head  is,  of  course,  the  inadequate  support  it  gives  for  the  fish 
plate. 
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Mr.  Whittemore. — Mr.  Morison's  statement  of  stresses  on  rails  in 
a  curved  track  must  be  received  as  correct.  With  the  outside  rail 
elevated  to  suit  the  fast  moving  passenger  trains,  the  preponderance 
of  loads  carried  by  the  slower  moving  freight  trains  ojDerates  to  crush 
the  inside  rail  and  cause  slipping  and  consequent  abrasion  of  the  outside 
one.  Both  rolling  resistance  and  friction  of  sliding  and  its  abrasive 
effect  are  reduced  by  having  the  areas  in  contact  such  as  to  keep  the 
pressure  within  the  limit  of  elasticity  of  both  wheels  and  rails,  and  it 
must  be  admitted  that  these  resistances,  when  the  pressures  do  not 
exceed  the  elastic  limit,  are  nearly  in  jiroportion  to  jsressures  and  not 
to  areas  of  contact.  It  must  also  be  admitted  that  to  reduce  abrasion, 
the  wheel  should  have  a  tread  of  one  radius,  and  not  a  varying  radii, 
as  the  curved-tojoped  rail  hastens  to  make  it. 

Mr.  Morison  expresses  the  belief  that  our  heavy  loads  on  car  and 
engine  wheels  are  not  objectionable  from  the  wear  they  produce  on  the 
rail  head,  but  are  so  in  their  action  on  the  lower  jiortion  of  the  track. 
The  author's  effort  has  been  to  show  that  we  do  not  destroy  our  rails  so 
much  through  abrasion  as  by  crushing  them.  Exceptional  cases  can 
be  cited  where  great  abrasion  occurs,  such  as  on  steep  gradients,  where 
brakes  are  used  to  check  velocity  and  sand  is  employed  for  additional 
driver  adhesion,  where  switch  engines  are  used  in  and  near  yards  where 
sliding  of  wheels  is  common  and  sand  abundantly  used,  and  also  along 
sharp  curves  elsewhere  in  the  main  line,  as  is  abundantly  shown  by 
several  of  the  diagrams  furnished  by  our  President. 

Under  our  heavy  loads  the  injury  to  the  track  by  reason  of  the  rail 
cutting  into  the  tie  is  severe,  and  the  remedy  suggested  by  Mr.  Morison 
should  be  earnestly  considered. 

Many  of  our  railways  have  nearly  3  000  ties  to  the  mile,  while  in 
England  and  on  the  continent  only  about  2  000  are  used,  but  the  latter 
are  longer  and  wider  than  ours. 

There  is  no  doubt  in  my  mind  that  through  the  use  of  sole  plates  of 
proper  size  and  with  longer  and  broader  ties,  a  less  number  of  ties  will 
be  required  than  we  now  generally  use  on  our  i^roperly  ballasted  lines. 

Egbert  W.  Hunt,  M.  Am.  Soc.  C.  E.— I  have  studied  Past  President 
Whittemore's  able  paper  on  "  Cylindrical  Wheels  and  Flat  Topped  Rails" 
with  attention  and  much  pleasure.  In  discussing  it  I  apin-oach  the  part 
in  relation  to  wheels  with  less  confidence  than  that  pertaining  to  rails. 
We  know  that  the  augmented  traffic  has  increased  the  wheel  loads  to 
an  enormous  extent.  I  called  attention  to  this  in  my  paper  on  "Steel 
Rails  and  Specifications  for  their  Manufacture,"  presented  before  the 
American  Institute  of  Mining  Engineers,  October,  188S,  by  giving  the 
determinations  of  one  fellow  member,  O.  Chanute,  M.  Am.  Soc.  C.  E., 
in  1881.     To  these  Mr.  Whittemore  adds  additional  data. 

It  does  not  require  any  further  argument  to  demonstrate  that  the 
rail  of  to-day  must  be  of  an  increased  section.     It  only  remains  to  de- 
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termiae  tlie  best  form  to  give  it.  I  am  so  thoroughly  committed  to  a 
section  having  increased  width  rather  than  depth  of  head,  and  have  so 
fully  and  repeatedly  presented  my  arguments  in  its  favor,  that  I  will 
not  here  repeat  them.  I  know  you  can  obtain  a  better  piece  of  steel  in 
that  form  than  when  the  hi>ad  is  deeper. 

That  increased  wheel  loads  should  require  additional  surface  for 
contact,  and  hence  support,  seems  to  be  self-evident.  It  has  been 
proved  that  rails  which  originally  had  top  curves  of  small  radii  have 
in  service  been  worn  to  much  larger  ones.  And  it  is  also  true  that  the 
earlier  rails  presented  much  greater  surface  in  contact,  in  proportion  to 
their  loads,  than  later  ones.  And  they  also  gave  better  results.  It 
would,  therefore,  impress  me  as  being  true  wisdom  to  go  back  toward 
successful  practice,  rather  than  continue  iu  the  direction  we  know  has 
not,  from  some  cause,  given  so  satisfactory  results. 

Mr.  Whittemore  is  radical  in  his  propositions,  and,  no  doubt,  so 
tended.  Of  cours?,  the  rails  of  any  railway  system  will  be  subjected  to 
the  wear  from  the  rolling  stock  of  the  whole  country.  Hence  until  all 
roads  adopt  an  universal  standard  for  their  wheels,  we  will  not  have 
constant  conditions.  But  that  is  not  a  logical  reason  why  the  best  forms 
should  not  be  accepted,  and  used  by  somebody.  There  must  be  a  be- 
ginning to  all  things. 

In  the  sections  which  I  have  designed,  and  which  I  had  the  honor  to 
present  to  the  American  Institute  of  Mining  Engineers  at  their  New 
York  meeting  in  February,  1889,  I  adhered  to  a  top  radius  of  12  inches, 
and  did  so  more  in  a  spirit  of  conservatism  than  because  I  believed  it  to 
be  absolutely  right.     But  less  than  that  I  cannot  approve. 

It  is  a  little  more  convenient,  on  account  of  roll  dressing,  for  the  rail 
makers  to  have  some  curve  to  the  top  of  the  rails  ;  but  this  is  not  a 
necessity.  Flat  tops  can  be  rolled  as  well  as  flat  bases.  In  fact,  during- 
my  experience  in  rail  inspection  I  have  found  one  mill  from  which  it 
has  been  a  constant  difficulty  to  obtain  rails  which  were  not  rolled  flat 
when  the  section  had  a  head  at  all  wide.  In  short,  so  far  as  the  manu- 
facture is  concerned,  and  if  flat  topped  rails  are  right,  the  makers  can 
produce  them  without  serious  inconvenience. 

I  have  been  asked  if  it  is  absolutely  necessary  to  have  a  middle 
"  parting  "  to  the  rolls.  In  other  words,  whether  this  could  not  be  on 
one  corner  of  the  rail  heail.  If  I  remember  correctly,  A.  J.  Gustin — in- 
ventor of  the  rail  cambering  machine  bearing  his  name — when  iu  charge 
of  the  St.  All)ans  Rolling  Mill,  St.  Albans,  Vt.,  so  turned  all  of  his  rail 
rolls,  and  claimed  much  merit  for  the  system.  I  have  never  known  of 
any  other  mill  having  this  practice,  but  it  can  be  done.  Still,  as  I  have 
already  stated,  this  would  not  be  necessary  to  roll  flat  topped  rails.  We 
had  them  iu  service  years  before  steel  rails  were  invented,  and  of  course 
produced  on  the  slow  running,  old-fashioned,  "  two-high"  mills. 

We  owe  Mr.  Whittemore  much  for  his  investigations  and  this  con- 
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tribution  to  the  literature  on  "  Steel  Bails."  It  is  from  such  sources  we 
must  seek  true  information.  Let  the  civil  engineer  design  his  sections, 
based  on  the  safe  foundation  of  experience  ;  at  the  same  time  let  him  be 
willing  to  give  due  consideration  to  the  criticisms  and  advice  of  the 
metallurgical  engineer.  The  two  acting  in  harmony  will  the  sooner 
secure  that  which  we  all  desire — the  best. 

Olin  H.  Landreth,  M.  Am.  Soc.  C.  E.— The  importance  of  the  evils 
which  Mr.  Whittemore  proposes  to  remedy,  viz.,  undue  wear  of  rails 
and  wheels  and  the  failure  of  rail  heads  before  they  have  given  more 
than  a  fraction  of  what  may  be  considered  a  reasonable  tonnage  service, 
has  never  been  more  clearly  set  forth  than  in  the  pajjer  of  Mr.  Whitte- 
more and  permits  of  no  contradiction. 

As  to  whether  Mr.  Whittemore's  ijroposed  form  of  rail  top  and 
wheel  tread  constitutes  the  most  effective  and  the  most  feasible  remedy 
attainable  for  these  two  distinct  evils,  is  a  question  for  discussion. 

Individually  I  am  inclined  to  the  opinion  that  flat  top  rails  (flat  when 
laid)  would  constitute  an  improvement  in  reducing  rail  wear,  but  I  do 
not  recommend  an  entirely  flat  top  rail,  because  I  believe  that  would  be 
overdoing  the  proper  remedy,  and  would  not  insure  so  low  a  rate  of 
wear  as  a  rail  top  having  a  radius  of  curvature  greater  than  11  inches, 
but  not  entirely  flat. 

My  reasons  are  based  on  the  following  considerations,  which  are  con- 
fined to  top  lail  Avear  alone,  and  exclude  side  rail  wear  as  in  no  way 
effecting  the  special  question  of  top  curvature. 

When  a  rail  has  worn  to  a  permanent  form  of  curvature  it  has 
reached  a  condition  of  nearest  possible  approach  to  a  uniform  distribu- 
tion of  wheel  load,  and  hence  the  lowest  maximum  wheel  pressure  across 
the  rail  top,  and  therefore  has  attained  its  minimum  rate  of  wear. 
Could  a  rail  have  been  given  at  first  a  curvature  which  should  remain 
permanent  in  radius,  it  would  therefore  insure  a  minimum  rate  of  wear 
throughout  the  life  of  the  rail.  Such  a  curve  should  be  sought,  and 
when  determined,  should  be  adopted  in  the  manufacture  of  the  rail.  A 
top  curve,  which  should  remain  permanent  throughout  the  life  of  the 
rail,  would  doubtless  differ  from  the  permanent  curve  assumed  by  a  rail 
that  had  worn  to  its  permanent  form  from  a  curvature  originally  sharper 
or  flatter,  since  the  form  of  the  original  curve  would  affect  the  form  of 
the  tread  wear  of  the  wheels  rolling  on  it,  and  this  form  of  tread  wear 
would  in  turn  effect  and  determine  the  form  of  the  ultimate  curve 
assumed  by  the  rail  top. 

Car  wheels  rolling  over  rails  ranging  in  original  curvature  from  6  to 
10  inches  top  radius  ultimately  wear  all  rails  on  which  they  run  to  an 
average  top  radius  of  about  1-1  inches  on  tangents  and  about  10  inches 
on  curves.  Were  all  rails  of  a  now  system  laid  originally  flat,  and  all 
car  wheels  running  over  them  originally  cylindrical,  it  appears  impossi- 
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ble  to  escape  the  conclusioa  that  the  rails  would  ultimately  wear  to  a 
curved  form,  and  that  the  permanent  curve  assumed  would  be  flatter  in 
curvature  than  if  the  rails  had  been  laid  with  the  usual  6  to  10-inch 
radius.     The  grounds  for  these  conclusions  are  : 

First. — It  would  be  impossible  to  lay  rails,  or  mount  wheels,  or 
maintain  either,  so  truly  as  to  insure  a  uniform  bearing  of  the  cylin- 
drical wheel  on  the  flat  top  rail.  Owing  to  this,  there  would  result  an 
augmented  wheel  pressure  and  an  augmented  wear  toward  either  one 
edge  of  the  rail  or  the  otlier,  or  both  edges,  successively,  according  to 
the  condition  and  rigidity  of  the  rail-fastenings,  and  a  curved  form  of 
the  rail  top  would  result. 

Second. — Even  were  this  impossible  uniformity  of  wheel  pressure 
across  the  rail  attainable,  the  diff'erent  portions  of  the  rail  top  are  not 
equally  strong  against  wear  under  heavy  compression;  the  portions  near 
the  edges  having  less  metal  outside  would  be  deformed  under  lighter 
pressures  than  the  central  portions,  and  the  same  eff"ect,  viz.,  a  curved 
rail  toj),  would  be  the  result. 

Third. — The  curve  thus  produced  would  gradually  become  sharper, 
until  a  permanent  form  should  be  reached,  which,  however,  would  be 
flatter  than  if  the  rail  had  been  laid  with  the  usual  curvature  of  6  to  10 
inches  radius,  since  the  wheels  starting  originally  with  straight  cylin- 
drical treads,  and  being  worn  more  by  the  outer  portions  of  the  rail 
top  than  by  the  inner,  would  remain  straight  across  the  tread,  or  if  worn 
curved,  would  assume  a  flatter  curve  than  if  the  rails  had  been  laid  with 
the  usual  sharp  top  curve;  hence  the  permanent  curve  assumed  by  the 
rail — which  is  dependent  on  the  curve  of  the  wheel  tread — would  also  be 
flatter  than  the  permanent  curve  which  the  rail  would  have  assumed  had 
it  been  laid  with  the  usual  sharp  curve,  i.  e.,  the  permanent  curve  would 
be  flatter  than  14  inches  on  tangents  or  10  inches  on  curves.  The  exact 
value  of  this  radius  it  is  impossible  to  determine  in  the  absence  of 
experience  with  flat  top  rails,  but  it  is  hardly  probable  that  it  would  be 
less  than  20  inches  under  ordinary  conditions  of  track  or  30  inches 
where  unusual  precision  in  track  laying  or  great  rigidity  of  rail  fasten- 
ings sliould  exist. 

If  now  a  rail  of  6  to  10  inches  original  radius  wears  flatter  and 
assumes  a  permanent  curve  of  about  14  inches  radius,  and  a  flat  top 
rail  wears  sharper  and  assumes  a  permanent  curve  of  from  20  to  30 
inches,  say  25  inclies  radius,  it  follows  that  the  curve  sought,  viz.,  one 
that  would  wear  neither  flatter  nor  sharper,  should  have  an  original 
curve  of  radius  between  14  and  25  inches;  the  precise  value  of  this 
"radius  of  no  variation,"  while  falling  between  the  above  limits,  could 
be  precisely  determined  only  by  experience.  I  am  strongly  inchned  to 
the  opinion  that  rails  laid  with  such  a  top  curve,  i.  e.,  one  of  about  20 
inches  radius,  would  result  in  a  lower  rate  of  top  rail  wear  than  either 
our  present  forms  or  Mr.  Whittemore's  proposed  flat  top  rails,  and 
would  give  equally  low  rates  of  side  rail  wear. 
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But  I  do  not  believe  that  rail  wear  proper  is  the  only  or  the  most 
important  evil  that  reduces  the  life  of  our  rails.  Mr.  Sandberg  objects  to 
the  flat  top  rail  from  the  "producers'  point  of  view,"  for  the  following 
two  reasons: 

1.  The  heads  of  flat  top  rails  would  be  more  porous  than  curved  top, 
because  the  flat  toji  necessitates  less  pressure  or  work  in  the  last  roll 
groove,  and  hence  less  close  grain  than  the  curved  top. 

2.  The  heads  of  flat  top  rails  would  not  deliver  so  well  from  the  rolls 
and  more  "  wasters  "  would  be  the  result. 

The  first  objection  aj^pears  to  me  to  touch  the  true  root  of  the  evil 
of  undue  rail  wear,  viz.,  a  lack  of  density  and  hardness  in  the  heads, 
but  should  not  be  directed  against  flat  top  rails  alone  and  made  a  ground 
for  their  rejection,  for  the  difference  of  density  of  rail  head  due  alone  to 
the  form  of  curve  of  rail  top  must  be  quite  insignificant,  since  it  is 
measured  by  the  versed  sine  of  one-half  of  the  top  curve,  which  in  the 
flat  top  rail  would  be  zero,  and  in  Mr.  Sandberg's  rail  of  6  inches 
radius  -n>-  of  an  inch.  In  either  form  the  density  is  mainly  given — as  in 
the  perfectly  flat  base  of  the  rail — by  the  pressure  or  work  of  the  rolls 
acting  upon  the  semi-fluid  metal,  and  forcing  it  against  the  vertical  sur- 
faces of  the  rail  grooves,  which  act  simply  as  molds  to  shape  the  rail 
base  and  head. 

As  the  rail  metal  at  its  passage  through  the  last  grooves  is  far  from 
being  perfectly  fluid,  the  final  pressure  on  the  rail  head  and  rail  base  is 
far  from  being  equal  to  that  produced  by  the  rolls  on  the  web  and  sides 
of  the  bead.  This  remarkable  fact,  that  the  portion  of  the  rail  on  which 
the  heaviest  and  most  severe  service  falls  is  the  very  portion  on  which  the 
least  pressure  and  work  in  the  rolls  is  expended,  points  to  the  desira- 
bility of  considering  whether  modifications  or  additions  to  our  present 
mode  of  rolling  rails  may  not  be  possible.  As  Mr.  Whittemore  remarks, 
"  A  way  is  always  found  to  do  what  must  be  done,"  and  when  engineers 
of  maintenance  of  way  shall  become  satisfied— as  I  believe  they  must — 
that  their  rails,  in  order  to  render  a  reasonable  tonnage  service,  must 
not  only  be  so  improved  in  tojj  curvature  as  to  increase  the  durability  of 
the  rail  surface,  but  must  be  made  jjroof  against  crushing  and  disinte- 
gration under  our  heavy  wheel  loads  by  acquiring  physical  hardness  and 
density  without  sacrificing  toughness,  then  the  mechanical  engineer  and 
rolling  mill  manager  may  be  depended  on  to  meet  the  demand  by  im- 
provements in  manufacture;  possibly  not  without  increased  cost  of  pro- 
duction; but  the  margin  of  possible  improvement  between  the  tonnage 
servic^e  that  our  rails  actually  average,  and  that  which  good  rails  under 
similar  conditions  are  known  to  give,  is  so  wide,  that  a  considei'ably  in- 
creased cost  of  production  would  be  warranted  in  securing  the  higher 
service. 

The  second  objection,  concerning  the  difficulty  of  delivering  flat  top 
rails  from  the   rolls,  is  doubtless  a  valid  one,  but  one  which  would  be 
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obviatetl  by  giving  the  rail  any  appreciable  curvature  which  should 
release  the  horizontal  grip  of  the  rolls  on  any  one  portion  of  the  rail 
head  as  soon  as  that  portion  should  have  passed  the  point  of  contact  with 
the  rolls,  or  as  Mr.  Sandberg  says,  *' as  long  as  the  rail  is  not  flat;" 
hence  the  20-iui'h  ra;liu3  herein  proposed  would  not  be  subject  to  this 
objection. 

J.  B.  Johnson,  M.  Am.  Soc.  C.  E. — Mr.  Whittemore  bases  his  tables 
of  allowable  wheel  loads  for  given  radii  and  unit  stresses  on  formulas 
of  Professor  Grashof,  which,  as  he  gives  them,  are  erroneoiis.  These  for- 
mulas are  given  as  general,  and  suitable  to  any  unit  of  measure,  as  the 
inch,  the  foot,  the  centimeter,  etc.  If  this  be  so,  then  we  should  obtain 
the  same  result,  whatever  unit  be  used.  Thus,  if  we  use  the  foot  unit, 
for  E  K  and  R,  then  the  value  of  P  found  should  be  the  same  as  when 
the  inch  unit  is  used,  since  this  load  is  independent  of  any  dimension. 
Taking  the  foot  as  the  unit  of  measure,  we  obtain  twelve  times  as  large 
values  from  the  first  formula  (cylinder  on  cylinder),  and  y  12  times  as 
large  values  from  the  second  formula  (cylinder  on  a  plane).  This  proves 
the  formulas  to  be  defective  somewhere. 

Since  the  derivation  of  these  formulas  is  simple,  we  may  as  well 
derive  them  at  once  and  find  the  error, 

EEL.4.TION   BETWEEN   TOTAL   LoAD    AND  MAXIMUM  StRESS,  WHEN    ONE  CYIi- 
INDER   RESTS   ON    ANOTHER   AT    RiGHT    ANGLES   TO   IT. 

It  will  be  assumed  that  the  maximum  stress  is  withiu  the  elastic 
limit  of  the  material,  and  hence  that  the  stress  varies  as  the  distortion. 

"When  one  cylinder  rests  across  another,  the  area  of  contact  is  an 
ellipse.  The  maximum  stress  is  at  the  center  and  is  proportional  to  the 
distortion  at  this  point.  The  total  distortion  of  one  of  the  cylinders,  if 
referred  to  a  plane  base,  would  be  the  segment  of  an  ellipsoid,  but  so 
small  a  segment  that  it  well  might  be  considered  the  segment  of  a  para- 
boloid. Similarly,  since  stresses  ai-e  proportional  to  distortions,  if  the 
stresses  over  this  area  of  contact  be  plotted  from  a  plane  of  reference, 
the  surface  formed  by  their  upper  extremities  may  be  taken  as  the  seg- 
ment of  a  paraboloid.  Now,  the  average  length  of  ordinate  to  a  jjara- 
boloid  is  i  the  length  of  the  maximum  ordinate,  or  the  volume  of  a  seg- 
ment of  a  paraboloid  is  i  the  inclosing  cylinder.  This  volume  would 
represent  P,  the  total  load,  since  any  ordinate  represents  the  intensity 
of  the  stress  at  that  point. 

We  have,  therefore, 

P  =  \  KA (1) 

Where  K  =  maximum  intensity  of  stress,  and  A  =  area  of  surface 
of  contact. 

It  remains  to  find  the  area  of  contact  in  terms  of  the  two  radii,  the 
moduli  of  elasticity  and  the  maximum  stress. 


204 


DISCUSSION    ON    EAILWAY    WHEELS   AND    RAILS. 


In  Figure,  let  ^  C  B  represent  the  original  surface  of  tlie  rail,  and 
A  EB  the  original  surface  of  the  wheel.  These  surfaces  are  now  both 
coincident  in  A  D  B. 

The  length  oi  A  C  is,  by  geometry,  equal  to 


s  -J  (2  i2  —  CE)  CE=yJ  2R  CE  ~  CE\ 

Since  C  E  is  very  small  as  compared  to  2  B,  we  may  neglect  its  square, 
and  if  we  put  A  C  =  d,  and  G  E=  e,  we  would  have 

AC=d=  V~^^~e (2) 

Now'ff  =  D  E  -{-  CD,  and  these  distances  are  the  distortions  of  wheel 
and  rail  respectively  under  the  common  intensity  of  stress  K. 
Now  the  formula  for  the  modulus  of  elasticity  is 

^      Kh  Eh 

E=—,ova  =  -^, 

where  E  ia  the  modulus  of  elasticity; 

K    "      intensity  of  stress  per  unit  of  area; 

h     "       length  of  fiber  under  stress  K; 

a     "       distortion  of  fiber  whose  length  is  h. 
But  in  our  problem  D  E^^  a  for  wheel,  and  C B  =  ai  for  rail,  hence 
we  may  write: 

BE=^,^ndGB=^, 


andD^+  GB=  GE==e=K  Q.  +  ^) 

Substituting  this  value  of  e  in  formula  (2)  we  have: 


=V^^^(I+^) 


(3) 


(4) 


This  is  the   semi-axis   jmrallel  to  rail  of  the  elliptical  surface  of 
contact. 
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The  semi-axis  of  the  surface  of  contact  across  the  rail  would  be 


where  the  subscripts  refer  to  the  constants  of  the  rail  instead  of  the 
wheel. 

Now  the  area  of  the  ellipse  of  contact  is 

(h       h^\       
E^Ei)^  ^^i (5) 

/—  \.h\    ■ 

and  from  equation  (1)  we  now  have  P  =  7t  K"^  (  £"  '*'Ei)  ->/  ^^^    (^) 

This  is  the  first  equation  given  in  the  paper  under  discussion,  with 
the  exception  that  where  h  and  hi  appear  in  this  equation,  he  has  unity. 
But  h  and  hi  represent  the  lengths  of  the  compressed  elements  of  rail 
and  wheel,  and  when  they  are  called  unity,  it  means  that  these  elements 
are  one  unit  in  length.  If  the  unit  chosen  is  the  inch,  then  these  fila- 
ments are  assumed  to  be  1  inch  long,  but  if  the  foot  is  the  unit  chosen, 
then  they  are  assumed  to  be  1  foot  long.  With  our  formula  (6)  the 
result  is  the  same,  whatever  unit  is  chosen. 

The  proi^er  evaluation  of  h  and  hi  in  this  formula  is  most  uncertain 
from  ijurely  a  priori  grounds.  They  should  be  evaluated  by  experiment. 
There  is  no  doubt  but  that  the  stress  is  rapidly  spread  over  an  area  much 
larger  than  the  area  of  contact,  through  the  shearing  stresses  that  are 
brought  into  action,  and  that  consequently  the  maximum  stress  K, 
rapidly  diminishes  in  value  as  we  px-oceed  from  the  surface  of  contact. 
The  equation  is  derived,  however,  on  the  assumption  that  the  vertical 
elements  of  the  wheel  and  rail  in  contact  are  sejsarate  and  distinct  from 
each  other,  that  they  all  have  a  definite  length,  h  for  the  wheel,  and  hi 
for  the  rail,  and  that  these  lengths  rest  at  their  other  extremities  on 
absolutely  rigid  surfaces.  All  these  assumptions  are  so  far  from  the 
truth  that  it  is  really  impossible  to  apply  the  formula  to  any  particular 
case,  except  by  the  aid  of  experiment. 

Eelation  Between  Total  Load  and  Maximum  Stress,  when  a  Gxl- 
INDER  Bests  on  a  Plane  Surface. 

Eeferring  again  to  the  figure  above,  and  understanding  that  the  lower 
form  is  a  plane,  and  taking  a  cylinder  of  one  unit's  length  along  its  axis, 
and  reasoning  as  before,  we  may  say  that  if  the  stresses  be  plotted  from  a 
plane  surface,  the  volume  thus  formed  will  be  the  segment  of  a  cylinder, 
one  unit  long,  the  maximum  ordinate  being  K,  the  maximum  stress. 
Since  this  segment  is  very  small,  it  may  be  taken  as  the  segment  of  a 
parabolic  cylinder,  in  which  case  its  volume,  which  represents  the  total 
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stress,  P  would"  be  f  the   inclosing   parallelopii^edon,  or   P  =  f^J, 
where  Kis  maximum  stress,  and  A  is  the  area  of  the  surface  of  con- 

tliCt. 

Eeferring  again  to  the  figure,  we  have  A  —  width  AB=2CB^=2d, 
since  the  length  of  cylinder  is  unity. 

As  before,  we  may  say,  rf  =  V  2  i2e,    where  e  =  - -|-  — i 

£j      El 


^7^Mi+^)=v^^^^a+4;)--(^^ 


.■.p  =  i 

3 

This  is  the  same  as  Mr.  Whittemore's  second  equation,  except  that 
we  have  h  and  hi,  instead  of  unity.  This  equation  was  derived  by  the 
writer  as  an  improvement  on  one  quoted  by  Mr.  Charles  Macdonald, 
M.  Am.  Soc.  C.  E.,  from  the  (ierman,  in  a  discussion  in  Transactionn 
Am.  Soc.  C.  E.,  1874,  p.  140;  and  it  was  published  in  the  Journal  of  the 
Association  of  Engineering  Societies,  Vol.  IV,  p.  110,  having  been  em- 
bodied in  a  paper  before  the  St.  Louis  Engineers'  Club,  November  19th, 
1884.  In  that  discussion,  however,  the  object  sought  was  the  bearing 
power  of  bridge  rollers,  and  the  lengths  of  the  elementary  columns  {?i  and 
i)  in  compression  were  both  assumed  to  be  equal  to  the  radius  of  the 
roller. 

Since  friction  bridge  rollers  are  from  2  to  3  inches  in  diameter,  the 
error  in  this  assumption  was  small,  the  formula  then  being, 


=  Jf---(i+i) 


The  Above  Fokmulas  PRACTicALiiT  "Worthless. 

It  is  now  proposed  to  show  that  all  the  above  formulas  are  absolutely 
worthless  for  solving  practical  problems.  Since  Mr.  Whittemore's  paper 
appeared  the  writer  set  about  making  some  laboratory  experiments  for 
the  purpose  of  amassing  data  on  which  to  rest  a  valid  argument.  A  sec- 
tion of  a  33-inch  chilled  wheel,  one  of  a  44-inch  steel-rimmed  driver,  and 
several  short  sections  of  rail  were  i)repared  for  experimental  tests  of  areas 
of  contact  in  a  100  000  pound  testing  machine.  Contacts  were  made  with 
both  wheels  with  loads  varying  from  5  000  to  60  000  pounds. 

It  was  found  that  the  area  of  contact  varies  directly  with  the  load,  or, 

in  other  words,  the  average  intensitv  of  stress  (  — ^  )  is  a  constant  for 
°  '  Varea/ 

all  loads. 

The  experiments  are  not  yet  complete  (October,  1889),  but  it  is  be- 
lieved this  is  very  nearly  the  law.  This  is  directly  contrary  to  the 
deductions  made  from  Fig.  1. 

The  law  seems  to  be  for  22-inch  radius  steel  tire,  on  14-inch  radius 
steel  rail, 

^=0.000012  P  (9) 
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where  A  is  area  of  contact  in  square  inches,  and  P  is  the  load  on  wheel 
in  ijounds.  What  the  maximum  stress  is  cannot  now  be  stated,  but  if 
the  mean  stress  is  about  a  constant  for  all  loads,  it  is  probable  that  the 
maximum  stress  is  nearly  a  constant  also. 

Furthermore  this  maximum  stress  must  be  nearly  twice  the  mean 
stress,  since  the  maximum  distortion  must,  of  necessity  (a  geometrical 
necessity),  be  twice  the  mean  distortion. 

We  may  therefore  say  that  the  maximum  stress  is  nearly 

K^^  (10) 

and  from  (9)  we  obtain  for  a  44-inch  steel  driver  on  a  14-inch  radius 
steel  rail, 

pounds  per  square  inch. 
.  This  astonishing  result  seems  at  first  incredible,  but  it  cannot,  in  the 
writer's  opinion,  be  successfully  disputed.  All  the  data  of  these  experi- 
ments will,  at  an  early  day,  be  laid  before  the  Society.  A  few  of  the 
more  important  conclusions  only  are  given  here.  In  the  meantime  it 
would  be  well  for  other  investigators  to  make  similar  experiments.  I 
have  found  that  a  little  wet  chalk  or  whiting  rubbed  on  the  surface  to 
be  placed  in  contact,  takes  the  impression  as  well  as  anything,  and  is 
quite  satisfactory.  The  impression  can  then  be  copied  off  on  tracing 
paper. 

This  result  leads  at  once  to  the  study  of  the  elastic  limit  in  compres- 
sion. Here  is  where  we  have  all  been  blundering.  There  is  no  such 
thing  as  an  unconditioned  elastic  limit  in  compression  as  there  is  in 
tension. 

The  elastic  limit  is  the  point  where  the  material  begins  to  jjerma- 
nently  distort  or  flow,  or  where  the  particles  begin  to  rearrange  them- 
selves in  new  positions. 

Now,  for  compressive  stresses,  we  have  various  conditions  limiting 
the  flow  of  the  particles.  For  instance,  a  cylindrical  column  in  com- 
pression is  in  a  condition  of  free  flow.  There  is  nothing  to  hinder  the 
lateral  spreading  action  of  the  column  as  it  shortens  up.  If  we  place  a 
square-ended  die  on  a  flat  surface  and  load  it  until  it  begins  to  indent 
that  surface  the  material  below  the  end  of  the  die  must  flow  laterally 
around  the  corners  of  the  die  to  get  out  of  the  way.  But  this  lateral 
flow  is  restricted  by  the  surrounding  metal.  Here  we  have  a  restricted 
flow,  and  a  much  higher  pressure  is  required  before  it  will  occur. 

But  when  a  sphere  or  cylinder  is  placed  on  a  plane,  or  one  cylinder 
on  another  cylinder,  and  loaded,  the  maximum  stress  and  the  greatest 
tendency  to  flow  is  at  the  center  of  the  area  of  contact,  and  here  the  flow 
must  begin.     But  this  metal  cannot  find  as  near  escape  as  in  the  case  of 
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tlie  square-eiuled  die,  for  the  pressure  dimiuishes  gradually  and  the  flow 
must  be  through  a  longer  distance  before  it  can  really  escape.  Here, 
therefore,  is  a  case  of  still  greater  restriction  of  flow  and  still  higher 
elastic  limit. 

I  estimate  that  a  grade  of  steel  having  an  elastic  limit  in  com- 
pression when  tested  as  a  column,  with  free  flow  of  some  40  000  ta 
45  000  pounds  per  square  inch,  has  a  limit  of  about  100  000  pounds 
under  a  square-ended  die,  and  of  some  160  000  to  200  000  i^ounds  under 
curved  surfaces  of  as  much  as  20' inches  radius. 

Observations  on  this  subject  are  also  in  progress  at  the  Washington 
University  Laboratory,  St.  Louis,  and  it  is  hoped  they  will  also  be 
made  elsewhere. 

The  conclusion  Avhich  I  am  coming  to  is,  therefore,  that  the  maxi- 
mum stress  in  and  also  the  elastic  limit  of  steel  rails  under  wheel  loads 
is  dependent  on  the  radii  of  the  wheel  and  the  rail,  and  that  the  maxi- 
mum stress  is  practically  independent  of  the  total  load  on  the  wheel. 
Also  that  the  elastic  limit  is  in  the  vicinity  of  200  000  pounds  per  square 
inch  for  the  ordinary  locomotive  drivers  on  the  ordinary  steel  rails. 

These  conclusions  are  so  contrary  to  the  commonly  received  opinions 
on  this  subject  that  the  writer  hopes  that  by  the  time  his  forthcoming 
paper  on  this  subject  appears  others  will  have  made  similar  experiments, 
and  can  thus  either  fortify  his  conclusions  or  prove  them  erroneous. 

EqUIVAIjENT    SuiiFACE   OF    CoNTACT. 

When  a  wheel  tread  becomes  worn  or  grooved,  and  the  rail  head 
becomes  flattened  somewhat,  so  that  the  surface  of  contact  is  extended 
laterally  across  the  rail  from  1  to  2  inches,  the  efi"ect  on  the  intensity  of 
the  stress  is  the  same  as  though  we  had  a  flat  wheel  on  a  flat  rail. 

It  is  sometimes  said  that  if  a  flat  topped  rail  is  the  surface  of  least 
wear  the  rail  would  constantly  api^roximate  to  this  form.  This  is  not  true. 
If  the  rail  is  originally  curved,  and  the  wheel  tread  flat  or  conical,  the 
final  section  of  both  will  be  a  mean  between  the  two  original  surfaces. 
And  this  is  exactly  what  happens.  The  tread  becomes  grooved,  and  the 
rail  becomes  flattened,  both  approximating  to  a  mean  between  the  orig- 
inal curvature  of  the  rail  head  and  the  flat  tread.  When  they  have  both 
come  to  the  same  curvature,  the  efi"ect  is  exactly  the  same  as  a  flat  tread 
on  a  flat  rail. 

If,  now,  both  wheel  tread  and  rail  top  should  be  made  flat  in  the 
start,  I  see  no  reason  why  they  should  not  remain  so,  except  from  the 
rounding  ofi"  of  the  corners  somewhat  as  a  result  of  the  grooved  drivers 
shifting  slightly  in  a  lateral  direction.  If,  when  the  rail  is  first  laid,  it 
cants  slightly,  it  will  soon  adjust  itself  by  cutting  into  the  tie  more  on 
one  side  than  on  the  other,  from  the  increased  pressiire  on  the  high  side. 

If  a  flat  head  cannot  be  rolled,  then  lt>t  the  head  be  as  flat  as  can  be 
rolled,  for  certainly  a  wider  surface  of  contact  is  of  the  first  importance. 
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Mr.  Whittemore. — While  I  cannot  know  in  what  order  the  several 
criticisms  will  ajipear  in  print,  I  desire  to  sav  that  through  my  absence 
from  the  coniitry  and  also  in  the  knowledge  that  Professoi-  Johnson  was 
investigating  the  subject  experimentally,  and  ijossessing  the  desire  that 
some  of  his  results  might  appear  in  this  discussion,  the  publication  of 
the  pajier  and  discussion  has  been  delayed,  until  this  late  day,  and  not 
through  any  fault  of  the  Secretary. 

If  we  admit  that  the  able  analysis  of  Professor  Johnson  is  correct,  it 
will  then  be  seen  that  our  excessive  loads  do  strain  the  metal  much 
beyond  the  limit  of  elasticity  as  usually  determined,  even  when  consid- 
ered as  static  loads,  and  iindoubtedly  their  destructive  effects  are  largely 
augmented  when  under  motion  and  subject  to  violent  impact. 

Dr.  Grashof's  formula,  I  believe,  has  been  considered  about  the 
safest  to  use,  as  be  does  not  take  into  consideration  that  any  support  is 
derived  from  metal  oi;tside  of  the  space  of  contact,  but  he  does  advise 
that  the  mo.1ulus  of  elasticity  to  be  used  in  his  formulas  be  ascertained 
from  experiments  under  similar  conditions  of  stress.  It  has  been  usual, 
however,  to  use  it  as  ordinarily  determined.* 

It  must  be  conceded  that  any  generalization  derived  from  the  appli- 
cation of  formulas  to  observed  areas  of  contact  as  iTSually  made,  must  be 
received  with  considerable  allowance  for  error.  The  insertion  of  paper 
or  pigment  between  bearing  surfaces  for  the  purpose  of  securing  impres- 
sion of  ai*eas  of  contact,  must  necessarily  show  greater  areas  than  the 
absolute  contact,  as  these  materials  are  themselves  compressible. 

Perhaps  the  most  accui-ate  method  by  which  the  law  governing  con- 
tacts of  spherical  or  cylindrical  surfaces,  with  like  or  plain  surfaces 
under  varied  pressure,  can  be  best  determined  is  in  the  way  Newton's 
colored  rings  are  observed,  in  which  case  we  are  compelled  to  use  glass 
or  other  transparent  substance  for  the  experiment.  That  celebrated 
philosopher  showed  that  by  pressure  the  dark  si^ot  at  and  surrounding 
the  center  of  contact  of  a  lens  on  a  plane  increased  as  the  pressure  was 
increased,  and  it  seems  to  me  that  by  observing  this  increase  under 
varied  pressures  up  to  near  the  limit  of  elasticity,  the  laws  governing 
increased  area  with  increased  pressure  may  be  pretty  accurately  de- 
termined, and  that  this,  with  experiments  on  metals  strained  to  beyond 
their  elastic  limit,  may  afford  suiRcient  testimony  to  establish  the  laws 
governing  contacts  of  metals. 

It  is  hoped  that  Professor  Johnson  will  be  able  to  pursue  his  ex- 
perimental inquiry  further  and  give  the  results  of  his  labors  to  our 
societv. 


*  Dr.  Grashof  cannot  be  considered  the  first,  however,  in  this  field  of  inquiry,  and 
those  who  wish  to  know  something  of  what  has  been  done  before  his  work  was  issued,  are 
referred  to  papers  by  Kopcke  in  Deutsche  Bauzeitung,  1869;  Kubler  in  Zeitschrift  des  Vereins 
Deutcher  Ingenieure,  1874;  Stevart  in  Revue  Unlverselle,  1874;  and  by  E.  Winkler  in  Gitter- 
trager,  1875. 
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Granting  his  i^remises,  then  it  is  seen  what  enormous  stress  is  con- 
centrated on  a  point,  in  the  case  he  cites.  "We  ai'e  taught  that  the 
Almighty  never  created  but  one  perfect  man,  hence,  how  impossible  it 
is  for  man  to  produce  metal  perfectly  homogeneous;  there  will  be  faults 
in  a  steel  rail,  such  as  specks,  cinders,  voids  by  piping,  and  from  other 
causes,  even  when  the  greatest  care  is  taken  in  manufacture,  and  these 
may  be  near  to  this  great  concentrated  stress,  and  it  is  here  that  the 
metal's  apparent  limit  of  elasticity  would  naturally  approximate  to  what 
it  would  show  when  tested  without  adjacent  su^jport,  and  it  is  also  here 
that  failure  may  be  first  expected. 

We  have  ample  evidence  to  show  that  the  best  of  metal  in  rails  does 
flow  during  repeated  applications  of  stress;  hence  it  is  that  I  oifer  my 
plan  to  avoid,  as  far  as  practicable,  these  concentrations. 

Since  an  abstract  of  my  paper  was  liublished,  it  has  received  criti- 
cisms in  our  engineering  journals.  One  of  these  critics  has  intimated 
that  by  test  he  has  never  been  able  to  detect  a  i^ermanent  dejiression  on 
a  rail  from  an  over-loaded  wheel,  or  words  to  that  effect. 

To  such  as  may  be  influenced  by  such  reasoning  I  respectfully  sug- 
gest this  line  of  thought: 

We  will  suppose  that  a  line  is  laid  with  what  all  will  concede  a  very 
jjoor  quality  of  rails,  such  as  show  a  wear  or  depression  on  tangent  rails 
of  say  one-half  inch  to  a  tonnage  of  ten  millions  only.  This  will  give 
five  million  tons  to  each  rail.  Now  suppose  the  wheels  passing  over  the 
rail  to  be  loaded  to  five  tons,  this  would  indicate  that  each  loaded  wheel 
as  it  passed  would  depress  the  metal  one  two-millionth  of  an  inch. 
Have  we  any  means  by  reflectors  or  otherwise  for  measuring  such  small 
increments  ? 

While  in  the  act  of  dictating  the  above  the  following  communica- 
tions are  handed  me,  and  with  permission  of  the  authors  I  insert  them 
here  as  evidence  pertinent  to  the  subject,  and  in  support  of  my  position. 

Chicago,  III.,  October  11th,  1889. 
D.  J.  Whittkmore,  Esq., 

Milwaukee,  Wis. : 
Dear  Sir, — I  am  considerably  interested,  not  as  an  expert,  however, 
in  the  qiiestion  of  conical  or  coned  wheels  and  the  proper  shape  of  rails 
on  whicli  they  run.  Sometime  ago  I  went  from  Chicago  to  Albany  with 
Mr.  Edward  W.  Jackson,  G.'neral  Manager  of  the  Mexican  Central,  in 
his  i^rivate  car.  The  wheels  were  cylindrical  wheels,  and  the  car  rode 
very  nicely,  and  I  had  quite  a  conversation  with  him  in  regard  to  wheels 
and  rails.  He  is  decidedly  of  your  opinion,  and  I  have  asked  him  to 
send  me  some  data  with  a  blue  print  showing  his  idea  of  what  wheels  and 
rails  should  be.  I  have  the  letter  and  blue  prints.  Please  And  enclosed 
the  print,  which  after  examination  and  use  kindly  return  to  me. 

Plate  LXIX  only  shows  wheels;  he  is  in  favor  of  rails  to  corresijond. 
Yours  truly, 

(Signed),  E.  L.  Corthell. 
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Standard  Tire  for  Cab  Wheels,  Mexican  Cenxbal  Railroad. 
Mexico,  June  25th,  1883.— Scale:  Full  Size. 

Approved  by  Edward  "W.  Jackson, 
Plate  LXIX.  General  Manager. 
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Mexico,  Seiitember  27th,  1889. 
Dear  Mr.  CoRTHELii: 

I  have  the  pleasure  to  acknowledge  receipt  of  your  letter  of  the  5th 
inst. 

I  had  not  forgotten  the  question,  but  have  been  so  extremely  en- 
gaged since  my  return  that  I  have  omitted  to  attend  to  it. 

I  now  send  you  blue  print  showing  the  tires  as  we  turn  them. 

You  will  observe  we  have  1§  inches  of  flat  cylindiical  wheel,  bevelled 
off  to  the  outside  edge  of  same,  so  that  we  have  2^  inches  of  cone  and 
Is  cylindrical  tread. 

You  had  an  opportunity  of  seeing  how  my  car  (which  is  a  light  one, 
only  51  feet  long)  and  four-wheeled  trucks  rode  behind  fast  trains  on 
which  you  and  I  traveled. 

I  also  mentioned  to  you  that  several  years  ago  I  had  occasion  to  note 
this  on  an  old  car  on  the  Mexican  road. 

I  sent  to  the  United  States  for  paper  wheels  from  the  Allen  "Wheel 
Comi^any,  which  were  put  under  my  car,  and  she  whipped  so  terribly 
that  I  was  obliged  to  set  her  out  at  the  first  station  from  Mexico. 

I  spoke  with  the  Master  Oar  Builder  about  it,  and  he  explained  the 
reason. 

I  then  had  the  wheels  turned  down,  and  they  have  ran  admirably 
ever  since. 

When  wheels  are  too  much  coned  the  least  deviation  from  jierfect 
track  starts  them  rolling,  and  they  keep  it  up  frequently  until  another 
inequality  jaroduces  a  similar  result. 

(Signed)  Edward  W.  Jackson, 

Geyieral  Manager. 

F,  CoLLiNGwooD,  M.  Am.  Soc.  C.  E. — As  others  have  had  more  re- 
cent experience  than  I  on  the  general  subject  of  rails,  I  shall  confine 
my  comments  on  the  valuable,  paj^er  by  Mr.  Whittemore  to  the  single 
question  of  the  state  of  the  rail  when  under  pressure. 

It  has  been  stated  that  ordinary  comj)ression  tests  do  not  apjily  in 
this  case;  and  as  a  proof  it  is  said  that  a  beam  of  light  reflected  from 
the  rail  shows  no  change  in  the  rail  surface  when  the  latter  is  jjressed  by 
a  heavily  loaded  wheel. 

One  cannot  examine  the  several  sections  of  used-ui)  rails  illustrated 
in  Mr.  Whittemore's  paper  without  being  struck  by  the  very  strong 
indications  of  a  splitting  action  having  resulted  from  the  applied  load. 
Now  we  have  a  precisely  parallel  case  in  the  use  of  hooks  to  chains  and 
sheaves  for  hoisting  heavy  weights.  The  area  of  contact  of  the  inside 
of  the  hook  with  the  inside  of  the  ring  or  wires  is  doubtless  still  more 
limited  than  in  the  case  of  the  wheel  and  rail. 

In  the  case  of  the  hook  we  know  there  is  a  gradual  deterioration  of 
the  metal  from  continued  use,  so  that  the  hook  becomes  unsafe.  It 
"would  seem  as  though  eat-h  time  it  hoists  a  heavy  load  a  certain  line  of 
the  molecules  are  left  in  a  state  of  strain,  as  if  a  wedge  had  been  par- 
tially driven;  and  this  action  continued  finally  results  in  rapture.  As  an 
illustration  I  would  mention  a  hook  I  saw  break  under  about  7  tons 
oad,  which  had  rejieatedly  hoisted  11  tons.     This  is  so  well  recognized 
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uow  with  cranes  iu  constant  use  that  it  is  cnstomary  to  anneal  all  such 
parts  at  staled  intervals,  to  restore  them  to  their  noi'nial  condition. 

Now  the  surface  of  contact  spoken  of  by  Mr.  Whittemore  with  an 
area  of  about  1  square  inch  is  not,  from  the  nature  of  the  case,  uni- 
formly pressed;  and  we  are  not  justified  in  assuming  that  some  portion 
of  it  is  not  left  iu  a  state  of  strain.  If  it  is,  then  it  is  only  a  question 
of  time  when  disintegration  in  some  form  will  make  itself  manifest.  If 
such  action  does  occur  we  ought  to  have  exactly  such  sections  resulting 
as  those  illustrated  in  the  paper,  and  I  see  no  reason  for  trying  to  dodge 
the  conclusion. 

Having  gone  thus  far,  w'e  come  to  the  question,  is  it  i^racticable  to 
devise  a  form  which  shall  remove  or  lessen  this  danger  ?  We  here  trench 
on  the  province  of  the  rail-maker.  The  form  suggested  in  the  paper  would 
certainly  be  jiractically  free  from  the  splitting  action  suggested;  and 
there  remain  two  questions  to  be  answered  concerning  it:  1st.  Can  it  be 
rolled  ?  2d,  Will  the  metal  in  the  head  be  in  as  good  a  state  to  withstand 
wear — that  is,  will  it  get  its  due  share  of  work  in  the  process  of  rolling? 

It  is  quite  possible  that  some  radical  change  in  practice  at  the  mills 
might  be  required  to  give  an  affirmative  answer  to  both  these  questions, 
but  I  would  like  to  see  it  tried.  We  shall  never  get  nearer  to  a  perfect 
rail  by  doing  nothing  but  theorize  about  it.  Is  it  impossible  to  roll  the 
wearing  surface  of  a  rail  ? 

J.  M.  Goodwin,  M.  Am.  Soc.  C.  E. — I  submit  my  opinion  that,  let 
the  shape  of  the  "corner"  of  the  rail  be  what  it  may,  persistent  jam- 
ming and  grinding  of  a  wheel  flange  against  the  rail  will  have  the  effect 
of  cutting  away,  and  "  sharpening,"  the  flange  so  subjected  to  grinding; 
and  that  a  rail  corner  having  a  distinctly  "  large"  radius  will,  in  time, 
put  a  "knife  edge  "  on  the  flange,  while  the  corner  of  less  radius  will 
wear  more  into  the  fillet  of  the  flange.  A  rail  having  a  "  square  "  edge 
would,  probably,  wear  the  inside  of  the  flange  into  a  vertical  plane.  To 
the  Master  Car  Builders,  sitting  in  Convention  at  Chicago,  in  1883,  an 
English  railroad  man  (invited  to  address  them  while  the  subject  of 
"sharp  flanges  "  was  under  discussion)  put  this  question:  "Did  any 
one  of  you  ever  see  two  'sharp'  flanged  wheels  on  one  axle?"  After 
"  pausing  for  a  reply,"  which  he  did  not  elicit,  the  gentleman  proceeded 
to  state  that  in  several  years  of  observation,  iu  his  capacity  of  superin- 
tendent of  rolling  stock,  he  had  never  seen  two  sharp  flanges  in  associa- 
tion; and  that  when  you  see  a  sharp  flange,  you  may  be  quite  sure  that 
the  wheel,  on  which  it  is,  has,  or  had,  a  mate  of  circumference  greater 
than  its  own. 

The  fact  is  obvious,  that  if  of  two  car  wheels,  fixed  on  one  axle,  one 
is  "larger"  than  the  other,  the  larger  wheel  will  "drag"  the  smaller, 
and  will  operate  to  jam  the  leading  flange  of  the  smaller  wheel  against 
its  rail;  and  we  may  reasonably  conclude  that  a  flange  so  jammed,  and 
ground,  against  a  rail,  will,  in  due  coarse,  wear  "sharp." 
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In  case  of  mismatched  wheels,  the  forcing  of  the  smaller  wheel  to  the 
rail  is,  presumably,  persistent;  reversing  the  direction  of  movement  of 
the  car  merely  reverses  the  direction  of  cut  of  the  wearing  surfaces,  of 
flange  and  rail  respectively. 

In  any  case  of  "  sharp  flange,"  the  circumstance  that  only  one  flange 
in  a  truck  is  affected  is  diagnostic  of  "big  wheel."  Where  diagonally 
opposite  wheels  show  undue  flange-wear,  one  may  expect  to  find  the 
truck,  in  which  they  are,  "out  of  square,"  or  rigidly  fixed  at  an  angle 
with  the  draft  line.  Cases  of  absolute  center  rigidity  of  truck  are  not 
entirely  unknown  to  the  experienced  car-repairer  ;  rigidity  due  to  ex- 
cessive side  bearing,  caused  by  uneven  loading,  or  by  over-loading  of 
car,  announcing  itself  through  a  harsh  sound  of  grinding  of  flanges  and 
skidding  and  twisting  of  wheel-treads  on  the  rails,  is  to  be  detected  by 
the  jjracticed  ear  in  almost  any  train  of  loaded  cars.  It  is  the  cause  of 
much  flange  grinding,  and,  of  course,  of  much  waste  of  locomotive 
power. 

Considerations  of  convenience  induce  establishment  of  straight  tracks 
at  places  at  which  cars  are  to  receive  cargo.  This  is  a  ha^jpy  circum- 
stance, inasmuch  as  it  operates  to  produce  squareness  of  the  trucks  with 
the  car  body,  and  track,  pending  the  operation  of  loading;  whence,  if 
rigidity  is  produced  by  overloading,  or  side-loading,  the  truck  is  fixed 
straight  with  the  car. 

Load  an  eight-wheeled  car,  on  a  smart  curve,  to  the  right,  for  instance, 
and,  by  any  means,  fix  the  trucks,  or  either  of  them,  so  that  prompt 
response  thereof  to  flange  jDressure,  tending  to  traverse  the  truck,  is  im- 
practicable. Then  at  the  first  curve  to  the  left  encountered  by  the  car 
the  right  hand  leading  wheel  of  the  cramped  truck  will  climb  over  the  rail, 
excei^t,  indeed,  the  corner  of  the  rail  has  a  distinctly  small  radius;  in 
which  case  the  flange  may  not  be  able  to  get  a  "  climbing  hold."  If  the 
wheel  cannot  escajse  by  climbing,  fillet  grinding  results. 

In  view  of  the  fact  that  while  of  eight  wheels  under  a  car  seven  run 
without  develoi)ing  sharp  flange  nor  any  tendency  thereto,  while  the 
flange  of  one  wheel  of  the  eight  wears  "sharp  "  or  is  ground  out  in  the 
fillet,  we  may  reasonably  conclude  that  the  one  flange  has  been,  recur- 
rently or  constantly,  sul)ject  to  extraordinary  wear,  referable  to  some 
condition  affecting  it  particularly.  This  conclusion  is.  of  course,  irre- 
concilable with  any  theory  in  which  the  shape  of  the  corner  of  the  rail 
appears  as  an  active,  positive,  value. 

I  have  only  time,  now,  to  say,  further,  that  I  advocate  cylindrical 
wheels  and  flat  tojs  rails  now,  as  always  heretofore. 

Mr.  D.  J.  Whittemore. — The  author  decidedly  dissents  from  the 
conclusions  of  some  who  have  participated  in  this  disciissiou,  in  the 
plea  that  having  track  slovenly  laid  and  rails  poorly  inspected,  we 
must  have  a  curved   toi^   to   the  rail   to  secure   a  bearing  at  or  near 
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the  ceuter  of  the  rail  head  ;  also  that  the  head,  if  made  flat  and 
subject  to  pressure  of  cylindrical  wheels,  will  soon  accjuire  a  curved 
form  between  corner  curves  to  any  appreciable  extent,  through  the 
lateral  movement  of  the  wheels  of  about  one-quartel-  of  an  inch  either 
way  from  their  central  or  normal  bearing  on  tangent  rails.  When  the 
rails  are  laid  as  nearly  true  as  is  reasonably  practicable,  any  slight 
defect  in  the  plane  of  rail  surfaces  would  soon  be  corrected,  as  has  been 
stated  by  Professor  Johnson. 

No  doubt  it  is  of  jjaramount  interest  to  secure  the  manufacture  of 
rails  without  external  or  internal  defects;  this  is  admitted.  There  can  be 
no  doubt  that  a  great  error  was  committed  some  years  ago  in  advocating 
the  use  of  very  mild  steel. 

When  we  can  secure  a  steel  that  has  a  limit  of  elasticity  of  not  less 
than  from  50  000  to  55  000  pounds  to  the  square  inch,  and  which  will 
undoubtedly  entail  a  corresponding  reduction  of  the  modulus  of  elas- 
ticity, much  benefit  will  result,  as  can  at  once  be  seen  if  any  of  the 
formulae  cited  in  this  paper  and  discussion  be  received  as  approximately 
correct.  With  a  bearing  over  the  entire  flat  top  of  the  rail  head,  it 
becomes  of  the  utmost  importance  that  all  parts  of  the  head  be  properly 
supported.  Hence,  is  here  found  one  of  my  objections  to  the  Sandberg 
l>attern,  and  it  is  the  belief  of  the  author  that  we  should  return  to  an 
approximation  to  the  old  pear  shape  in  forming  that  portion  joining  the 
head  with  the  web,  and  in  the  event  that  our  loads  increase  within  the 
next  decade  in  anything  like  the  proportion  they  have  in  the  last,  we 
may  find  it  economy  to  adopt  a  form  of  rail  having  two  webs,  like  unto 
the  Strickland  or  Brunei  rail. 

Intimately  c  mnected  with  the  subject  of  rail  forms  is  that  of  the  splice, 
and  it  is  indeed  impossible  to  consider  the  rail  problem  properly  without 
reference  to  it;  but  as  that  matter  is  beyond  the  immediate  scope  of  the 
paper  under  discussion,  no  further  reference  will  be  made  to  it  other 
than  to  say  that  the  author  is  of  the  opinion  that  the  flange  splice  as 
generally  desigued  presents  about  the  most  ugly  appearance,  mechan- 
ically considered,  of  all  our  railway  ai^plianees. 

Objection  has  been  raised  to  the  form  of  rail  head  suggested,  on  the 
ground  that  it  caanot  be  rolled  and  secure  that  compactness  in  the  head 
that  can  be  secured  in  the  ordinary  forms. 

The  opinion  of  our  member,  Mr.  Hunt,  who,  by  his  experience  of 
over  thirty  years  in  the  manufacture  of  rails,  can,  I  believe,  be  consid- 
ered the  superior  of  Mr.  Sandberg  as  a  manufacturer,  and  he  can  also 
be  considered  his  peer  as  an  inspector,  is  deserving  of  consideration  in 
the  matter  of  the  practicability  of  rolling  the  form  suggested. 

The  author  is  informed  by  Kennett  Bayley,  M.  Inst.  C.  E.,  and  Chief 
Engineer  of  the  Great  Southern  and  Western  Railway  of  Ireland,  that 
some  seven  years  ago  he  changed  the  radius  of  his  rails  from  9  inches  to 
18  inches,  and  the  result  has  be3n  most  gratifying  in   giving  increased 
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service,  and  to  his  knowledge  no  English  rail  manufacturer  has  objected 
to  the  form. 

The  author,  in  his  endeavor  to  compound  the  evil,  has  lately  designed 
two  patterns  of  rail,  each  having  a  toi)  radius  of  18  inches,  and  no  manu- 
facturer has  objected  to  the  guarantee  of  service  that  is  applied  to  the 
usual  design.  After  diligent  inquiry,  the  author  has  failed  to  learn  that 
any  objection  whatever  has  been  made  by  manufacturers  of  the  flat 
headed  rails  of  the  Northern  Railway  of  France  ;  hence  the  author 
concludes  that  the  idea  of  want  of  compactness  or  sj^onginess  in  the 
heads  of  such  rails  is  a  myth,  existing  not,  however,  in  the  head  of  a  flat 
topped  rail. 

During  the  time  the  author's  paper  has  been  under  discussion,  the 
final  report  of  the  Committee  on  the  proper  relation  to  each  other  of  the 
sections  of  railway  wheels  and  rails,  has  been  made,  and  he  may  be  par- 
doned in  quoting  from  the  preliminary  and  final  report  the  following 
passages;  the  author  calls  especial  attention  to  the  words  italicized  by 
him  : 

From  the  preliminary  report,  page  i2.  From  the  final  report,  page  i. 

Tour  Committee  are  not  clear  tha,l  even  if  we  The  prevailing  senliment,  which  your  Com' 

consider  the  top  bearing  only,  when  no  ques-  mitlee    shares,   appears     to   be   that  the  end 

tion  of  consequent  rubbing  friction  comes  in,  sought  in  the  suggestion  of  an  entirely  flat 

it  can  be  stated  without  many   allowances,  top  between    the   rounded   corners,  viz.: — a 

that  increase  of  bearing  surface  is  in  itself  an  wider  bearing  for  the  wheel  tread,  is  a  rfesi'ra- 

advanlage.  *    *    *   They  are  rather  disposed  to  ble  one,   but  that   it   is  and   will    be  better 

believe   that    it  would   be  entirely  disadvanta-  secured  in  practice  by  using  a  slight  curve 

geous.  for  the  top  of  the  section  instead  of  a  straight 

line. 

As  between  the  preliminary  and  final  report,  an  important  advance 
in  the  right  direction  is  made  in  the  latter,  and  now  only  two  more  modi- 
fications are  required  to  fully  comply  with  the  views  of  the  author,  viz; — 
that  the  broad  surface  of  the  rail-head  be  flat  and  that  wheels  be 
cylindrical. 

In  conclusion,  the  author  desires  to  say  that,  knowing  the  persistency 
of  evil,  particularly  when  fortified  by  precedent,  he  fully  expected  to 
find  himself  the  "  under  one  "  in  this  controversy.  That  so  many  agree 
with  him  in  whole  or  in  part  is  certainly  gratifying.  At  the  same  time, 
his  hearty  thanks  are  due  and  given  to  those  whose  opinions  are  adverse 
to  his  premises,  for  the  labor,  ability  and  interest  they  have  shown  in 
this  discussion. 

If  the  paper  and  criticisms  it  has  received  will  tend  to  arouse  an 
interest  in  the  matter  treated,  and  cause  the  younger  members  of  our 
profession,  those  who  will  soon  be  called  to  direct  and  design,  to  think 
of  it— and  by  this  expression  I  do  not  mean  that  thSy  merely  "think 
they  think,"  but  put  absolute  thought  into  the  investigation— the 
author's  desire  will  be  in  a  great  measure  accomplished,  and  in  the  end, 
as  he  believes,  his  position  vindicated. 
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ADDENDA.* 

Modification  No.  10,  February,  1888. 

3d  Division. — Construction  and  Inspection.  — Compagnie  du  Chemin 
DE  FER  DU  NoRD.— Specifications  for  Furnishing  Steel  Bails. 

U3  K         (  37  K         j  35  K         (  30  K 
Vignole  Patterns . . .  •<  •<  -<  ■{ 

(94.8  lbs.  (81.6  lbs.  (77.2  lbs.  (66.1  lbs. 

Article  I. 

These  specifications  are  intended  to  govern  the  delivery  of  steel 
rails. 

Article  II. 

The  rails  will  be  of  the  American,  called  Vignole,  pattern.  They  will 
conform  exactly  to  a  template  which  will  be  furnished  the  contractor. 
There  must  be  no  variation  in  the  entire  length  of  the  rail  from  the 
above  template,  and  particular  care  must  be  taken  in  cutting  to  length 
so  as  not  to  alter  the  end  sections. 

To  allow  for  wear  of  rolls,  and  errors  in  setting  of  rolls,  a  deviation 
of  0.0005  meter  (equals  -gV  inch)  will  be  allowed  for  the  transverse  dimen- 
sions of  the  rail,  but  in  all  cases  the  section  must  be  symmetrical. 

All  rails  not  conforming  exactly  to  template,  within  the  above  pre- 
scribed limits,  will  be  rejected. 

The  standard  weight  per  ruaning  meter  will  be  determined  by  tak- 
ing the  average  weight  of  one  hundred  of  the  rails  first  delivered,  whose 
sections  conform  most  nearly  to  the  templates.  A  variation  of  2  per 
cent,  over  or  under  the  standard  weight  thus  established  will  be  allowed. 
Kails  falling  more  than  2  per  cent,  below  the  standard  weight  will  be 
rejected.  Those  being  more  than  2  per  cent,  above  the  standard  weight 
will  be  accepted,  but  the  contractor  will  not  be  allowed  for  any  weight 
in  excess  of  2  per  cent. 

If  the  total  weight  furnished  on  a  contract  exceeds  the  estimated 
total  standard  weight  by  more  than  1  per  cent.,  the  contractor  will  not 
be  paid  for  this  excess. 

*  See  Discussion  by  D.  J.  Wliittemore,  p.  169. 
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Akticle  III. 

The  rails  will  liave  the  lengths  given  in  the  following  table,  or  sncl 
lengths  as  necessity  may  require. 

Lengths  of  Rails  for  different 

Weights  of  Section.  Remarks. 

30  Kil.     35  K.      37  K.       43  K. 

Standard  Lengths.  '     [  ^^  be  delivered  in  quantities  not 

8M.        6M.        6M.        12  M.)  exceeding  one-twentieth  of  the 

7.96         5.96         5.96         11.91   f  ' "      ;'t>iiti;act,  as  may  be  determined 

'  I  by  the  Chiei  iingineer  of  the 
[  company. 
Lengths  which  will  be  allowed  to 
facilitate  the  manufacture.  The 
quantity  of  short  length  rails 
may  vary  at  the  option  of  the 
Kailroad  Company  from  one- 
twentieth  to  one-twenty -fifth  part 
of  the  whole  contract,  a  propor- 
tionate quantity  of  each  length  to 
be  furnished. 


Short  Lengths. 

7  M.        5  M.        5  M.  10  M. 

6  "          4  "         4  "  8  " 

5  "           —            —  6  " 


The  Railroad  Company  reserves  the  right  to  order  rails  of  a  greater 
length  than  specified  above. 

There  may  be  a  variation  of  0.002  meter  (/V  inch)  in  the  length  of  a 
rail. 

Article  IV. 

The  rails  will  be  marked,  in  plain  raised  letters  and  numbers,  with 
the  name  of  the  mill,  year  and  month  of  rolling.  These  marks  will  be 
cut  into  the  finishing  rolls. 

Furthermore,  near  one  end  of  each  rail,  the  number  of  the  charge  and 
the  quality  of  the  steel  in  the  ingot  from  which  the  rail  was  rolled  will 
be  marked  with  a  cold  chisel. 


Article  V. 

The  rails  will  be  made  from  non-phosphorous  metal  by  the  Bessemer 
process;  any  other  process  of  manufacture  must  first  receive  the  sanc- 
tion of  the  Ciiief  Engineer  of  the  Railroad  Company.  The  operations 
of  manufacture  will  be  so  conducted  as  to  produce  steel  of  the  first 
quality,  fine  grain,  compact,  hard  and  tough,  capable  of  being  tempered, 
and  similar  in  every  respect  to  the  sample  which  will  be  furnished  to 
the  Railroad  Comj^any  by  the  contractor.  The  manufacture  in  quantity 
will  not  be  commenced  until  the  sample  has  been  accepted  by  the  Chief 
Engineer  of  the  Railroad  Company. 
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The  steel  will  be  run  into  ingots  of  rectangular  section,  not  being 
less  than  0.25  meter  by  0.25  meter  (9?  by  9j  inches),  with  rounded  cor- 
ners, or  of  circular  section  of  at  least  0.28  meter  (11  inches)  diameter. 
The  size  of  these  ingots  -svill  be  so  determined  as  to  produce,  when 
rolled,  a  bloom  of  1  meter  in  length,  for  rails  rolled  in  single  lengths, 
and  of  1.20  meter  in  length  for  rails  rolled  in  several  lengths. 

The  ingots  will  be  examined  with  care,  and  those  having  blow-holes, 
impurities  or  other  defects  which  rolling  cannot  eliminate,  w-ill  be 
rejected.  Small  ca\'ities  and  seams  will  be  dressed  with  the  greatest 
care,  so  as  to  avoid  any  possibility  of  overlapping  of  metal  in  roll- 
ing. 

The  Company's  agent  will  have  an  ingot  broken  as  often  as  he  may 
deem  necessary  during  the  progress  of  manufacture.  The  fracture  should 
be  eximpt  from  blow-holes.  However,  the  number  of  ingots  thus 
broken  should  not  exceed  one-five-hundredth  of  the  total  number. 

The  Company's  agent  will  have  the  right  to  inspect  the  tests  made 
on  the  runners  taken  at  the  time  of  pouring  the  ingots,  from  which  the 
rails,  subject  to  his  control,  are  to  be  rolled.  The  rolling  will  be  con- 
ducted in  a  manner  to  obtain  rails  of  exact  form,  with  smooth  and  uni- 
form surfaces,  and  especially  to  avoid  bending  when  the  rails  leave  the 
finishing  roUs.  Those  rails  showing  cold  shuts,  kinks,  or  flaws  of  any 
kind,  will  be  rejected.  Only  small  flaws  which  do  not  alter  the  shape  of 
the  section,  or  aS'ect  the  strength  of  the  rail,  will  be  accei^ted,  on  con- 
dition that  these  flaws,  after  having  been  passed  upon  by  the  agent  of 
the  Company,  are  carefully  dressed  with  a  cold  chisel  and  fine  file,  in 
the  pi'esence  of  the  said  agent. 

All  other  patching  up  in  a  cold  or  warm  state  is  forbidden.  Rails  not 
fulfilling  the  above  requirements  will  be  rejected. 

AUTICIiE  YI. 

The  rails  will  be  straightened  on  four  sides  with  the  greatest  of  care. 
The  straightening  will  be  done  as  much  as  possible  when  the  rail  leaves 
the  finishing  rolls  in  a  hot  state.  If  it  becomes  necessary  to  further 
continue  the  straightening  operation,  when  the  rails  have  cooled,  it 
must  be  done  by  a  gradual  pressure,  and  without  shock,  so  as  to  avoid 
creating  any  fissures  in  the  rail.  Dies  of  proper  shape  will  be  used  to 
jjrotect  tlie  flanges. 

The  rails,  immediately  upon  leaving  the  finishing  rolls,  will  have  the 
crop  ends  cut  off  with  a  circular  saw.  The  cutting  to  exact  length  may 
be  done  with  a  milling  machine,  or  in  any  other  way  which  will  insure 
perfect  work.  The  ends  thus  cut -shall  have  perfectly  plane  surfaces, 
square  to  the  axis  of  the  rail.  The  heads  at  each  end  of  the  rail  will  be 
chamfered  0.0015  meter  by  0.0015  meter  {-fV  by  -ra  inch)  for  a  depth  of 
0.006  meter  (i  inch)  from  top  of  rail. 
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The  burrs  created  in  euttiug  will  be  carefully  removed  with  a  cold 
chisel  and  file.     It  is  absolutely  forbidden  to  hammer  them  oflf. 

Reheating  the  ends  of  the  rails  and  then  cutting  them  with  saw  or 
shears  is  absolutely  forbidden. 

Article  VII. 

The  rails  of  mam  line  will  be  drilled  and  notched  according  to  stand- 
ard, or  only  drilled,  as  may  be  required.  For  rails  of  extraordinary 
length  there  will  be  special  requirements. 

The  holes  must  be  drilled  in  web,  perfectly  cylindrical,  and  of  such 
diameters  as  directed.  All  burrs  around  the  holes  will  be  removed  with 
the  cold  chisel  and  file.  The  positions  of  holes  must  not  vary  more 
than  i  millimeter  (-{ft  inch)  from  those  prescribed. 

Article  VIII. 

The  rails  will  be  classed  as  they  come  from  the  mill,  from  day  to 
day,  into  series.  The  authorized  agents  of  the  Company  will  select  from 
each  series  a  number,  not  exceeding  2  per  cent.,  for  the  following  tests. 

Each  of  the  rails  will  be  placed  over  two  points  of  support,  1  meter 
(3.28  feet)  apart,  and  must  carry,  for  five  minutes,  suspended  at  the 
middle  between  the  two  supports: 

First. — Without  permanent  set  after  removing  the  load. 


26  000  K.  for  the  43  Kil.  type  ] 

20  000       "       "     37 

18  500       "       "     35 

17  000       "       "    30         "  J 


JSfote.—l  kilogram=2  205 
pounds. 


Second.— Feimement  set  must  not  exceed  25  millimeters  (1  inch)  at: 

40  000  K.  for  the  43  Kil.  type. 
35  000       "       "     37 
33  000       "       "     35 
30  000       "       "     30 

The  rails  may  then  be  loaded  to  destruction. 

Each  of  the  two  halves  of  a  broken  rail,  placed  on  its  side,  between 
two  supiJorts  si^aced  1.1  meters  (3.609  feet)  apart,  and  fastened  to  a  cast- 
iron  base  weighing  10  000  kilograms  (11  tons),  the  latter  resting  on  a 
block  of  masonry  1  meter  (3.28  feet)  high,  aud  3.3  meters  (10.82  feet) 
square  at  the  base,  must  endure,  without  rupturing,  the  impact  of  a 
hammer  weighing  300  kilograms  (661.5  pounds),  striking  the  rail  at  the 
center  between  supports  from  the  following  heights: 

3.00  meters  height  for  the  43  Kil.  type  ] 
2.50  "  "        37         "  !    1  meter=3.28 

2.40  "  "        35         "  f  feet. 

2.25  "  "        30         "  J 
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After  taking  the  impact  suc- 
cessively from  the  follow- 
ing Heights 

IM. 

1.5  M. 

2M. 

2.25  M. 

2.4  M. 

2.5  M. 

3M. 

The  deflectiouB    should  not 
vary   more    than    30    per 
cent,  from  the  figures  here 

Mm. 

"i" 

1 

2 

Mm. 
2 
3 

^5* 

Mm. 
i 
6 

1? 

Mm. 

Mm. 

Mm. 

9 

11 

Mm. 
15 

For  43  K.  type. 

••    37  K.    " 

■•••••• 

12 

"    35  K.    " 

"    30  K.    •• 

The  elasticity  of  the  rail  will  be  judged  by  the  rebounding  of  the 
hammer. 

If  one  of  the  rails  thns  tested  breaks  before  a  drop  height  of  2J  me- 
ters for  the  37  K.,  2.40  meters  for  the  35  K.  and  2.25  meters  for  the  30  K. 
is  reached,  the  tests  will  be  repeated  with  other  rails,  and  if  more  than 
one-tenth  of  the  number  of  rails  thus  tested  does  not  fulfill  the  require- 
ments, the  whole  heat  from  which  the  rails  were  taken  will  be  rejected. 

Thf)  Company  reserves  the  right  to  prescribe,  and  have  made  at  the  mill, 
any  other  tests  which  it  may  deem  necessary,  such  as  tension  tests  and 
the  working  of  the  steel  into  tools,  in  order  to  judge  of  the  quality  of  the 
rails. 

The  test  pieces  for  tension  will  be  prepared  cold,  according  to  the  in- 
structions given  by  the  Company's  agent,  and  will  be  taken  from  the 
blooms  or  from  the  rails  which  were  tested  for  impact.  Cold  chisels 
manufactured  from  the  head  and  tempered  under  ordinary  conditions 
mu.3t  cut  the  surface  of  spiegel  iron  without  dulling,  becoming  dented  or 
doubling  up.  These  various  tests  will  be  made  independently,  and  the 
results  will  be  written  down  and  testified  to  by  the  agent  of  the  Company 
and  the  agent  of  the  contractor. 

Akticle  IX. 

The  agents  of  the  Company  will  select,  as  fast  as  rolled,  such  rails  as 
satisfy  the  requirements,  and  have  them  weighed  and  drilled,  according 
to  the  conditions  stipulated. 

The  contractor  will  furnish  all  necessary  apparatus  for  testing,  and 
all  necessary  help  to  facilitate  the  in-*pection  of  the  steel.  The  accepted 
rails  will  be  drilled  at  both  ends,  and  the  rails  rejected  will  be  marked 
at  both  ends,  between  the  letters  of  the  manufacturers'  brand,  with  a 
special  mark,  plainly  visible  and  indelible,  so  as  to  avoid  tha  possibility 
of  having  rejected  rails  ofifered  a  second  time. 

Article  X. 
The  manufacturer  will  warrant  the  rails  during  sis  years,  commencing 
from  the  date  of  manufacture.  Every  rail  which  breaks  during  this 
time,  or  is  damaged  more  than  it  ought  to  be  by  regular  usage,  will  be 
reijlaced  free  of  charge  by  the  contractor.  The  exchange  of  rails  dam- 
aged for  new  rails  destined  to  replace  them  will  take  place  at  the  point 
of  delivery  indicated  in  the  contract. 
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AUTICLE  XI. 

The  engineers  of  the  Railroad  Company,  as  well  as  their  assistants, 
will  have  free  access  to  the  mills  day  and  night,  and  be  permitted  to  in- 
spect all  oijerations  pertaining  to  the  manufacture  of  the  rails,  and  to 
make  all  necessary  tests  to  satisfy  themselves  that  the  conditions  of  these 
specifications  are  being  fulfilled. 

Article  XII. 

The  insi^ection  by  the  engineer  of  the  Railroad  Comj^any  or  by  his 
agents  at  the  mill,  the  tests  and  the  preliminary  acceptance  of  the  rails 
manufactured,  will  not,  in  any  case,  diminish  the  responsibility  of  the 
contractor,  which  remains  in  full  force  until  the  expiration  of  his  time 
of  guarantee,  as  provided  for  in  Article  X. 

Article  XIII. 

This  contractor  will  be  governed,  except  where  these  specifications 
conflict  therewith,  by  the  general  stipulations  relating  to  contractors  of 
the  Railroad  Company,  compiled  by  the  Chief  Engineer  of  Fonts  et 
Chaussees,  in  charge  of  construction  and  inspection,  on  the  8tli  day  of 
November,  1863,  and  approved  the  10th  day  of  the  same  month  by  a 
committee  of  the  Directors  of  said  Railroad  Company. 

No  deviation  from  these  specifications  or  from  the  general  stipulations 
will  be  allowed,  except  the  same  be  authorized  in  writing  by  the  Chief 
Engineer  of  the  Railroad  Company,  which  order  the  contractor  must  pre- 
sent at  every  requisition. 

Compiled  hy  the  Chief  Eiigineer  in  charge  of  Construction  and  In- 
spection, Paris,  1888. 

Approved  by  the  Operating  Department. 
Accepted  by  the  undersigned  contractor. 

The  section  of  rail  is  shown  in  Plate  LXX. 
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FINAL  REPORT  OF  THE  COMMITTEE  ON  THE 
PROPER  RELATION  TO  EACH  OTHER  OF 
THE  SECTIONS  OF  RAILWAY  WHEELS  AND 
RAILS.  

To  the  President  and  Members  of  the  American  Society  of  Civil  Engineers: 
Your  Committee,  to  whom  were  referred  the  questions  covered  by 
the  subjoined  resolution,*  has  satisfaction  in  reporting  that  since  the 
appearance  of  its  Preliminary  Report  it  has  discovered  by  circulars  of 
inquiry  that  a  fair  apjDroach  to  unanimity  of  sentiment  exists  among 
engineers  in  regard  to  the  questions  involved.  It  now  unanimously 
submits  the  following  final  rej^ort  :t 

*  The  Committee  is  acting  under  the  following  resolution  offered  at  the  Deer  Park  Con- 
vention. June  25,  1885: 

"  Whereas,  The  relation  which  the  form  of  the  head  of  a  rail  should  bear  to  the  section 
of  a  car- wheel  tread  and  tiange  has  recently  been  in  dispute,  it  being  asserted,  on  the  one 
hand,  that  they  should  have  as  long  a  line  of  contact  as  possible,  and,  on  the  other  hand,  that 
such  long  contact  would  be  dangerous  and  injurious;  and, 

"  Whereas,  The  question  raised  by  this  diversity  of  view  is  of  direct  importance  to  the 
many  members  of  this  Society,  as  well  as  to  the  public  interest,  and  hence  is  one  which  this 
Societv  may  approiiriately  consider  through  Committee;  theref  re  be  it 

"  Resolved,  That  a  Committee  of  five  members  of  this  Society  be  appointed  by  the  President 
to  consider  and  report  to  the  Society  on  the  proper  relation  to  each  other  of  the  sections  of 
rails  and  wheels;  to  what  extent  and  at  what  points  it  is  expedient  that  their  sections  should 
be  such  as  to  bring  them  normally  in  contact,  and  to  what  extent  and  at  what  points  it  is 
not  expedient  that  they  should  be  so  in  contact;  and  that  the  Committee  be  instructed  to 
seek  information  from  all  those  who  are  known  to  have  given  the  subject  attention  " 

This  resolution  was  submitted  to  letter  ballot  and  adopted  by  a  general  vote  of  the 
Society.  Subsequently,  by  vote  at  the  annual  meeting,  the  President  was  authorized  to  add 
two  additional  membersto  such  Committee.  The  Committee  then  sent  out  circulars  of 
inquiry  to  all  those  deemed  likely  to  be  able  to  aid  them  by  submitting  definite  records 
bearing  on  the  question,  and  submitted  a  preliminary  report  giving  in  full  all  the  valuable 
information  thus  gathered,  with  their  preliminary  conclusions  based  on  a  study  thereof. 
(See  Trans.  Am.  Soc.  C.  E.,  Vol.  XIX.  page  1.) 

t  At  the  Annual  Convention,  June  24th,  1889,  this  report  was  received,  and  the  Committee 
discharged  with  the  thanks  of  the  Society  for  the  very  valuable  work  which  they  have  done. 
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The  Preliminary  Keport  of  the  Committee  was  published  in  the 
Transactions  "of  the  Society  for  July,  1888.  A  copy  of  this  report  was 
sent  to  all  members  of  the  Society,  and  to  about  250  others,  railway 
officers  and  engineers  not  members  of  the  Society,  including  all  those 
known  to  the  Committee  as  having  shown  interest  in  the  subject  in  any 
way.  Circulars  of  inquiry  asking  certain  specific  questions  (rei^rinted 
in  Aijpendix  A)  were  sent  out  in  the  same  manner  to  all  persons  in 
and  out  of  the  Society,  some  500  in  all,  known  or  thought  to  be 
interested  in  the  question.  The  resiionses  have  been  numerous  and 
valuable.  Sixty-four  responses,  many  of  them  very  elaborate  and 
complete,  have  been  received  from  engineers,  mechanical  officers, 
rail  manufacturers  and  others  as  specified  in  the  subjoined  list,* 
including  a  large  majority  of  those  whose  views  the  Committee  was  most 
anxious  to  obtain.      All  the  Eastern  trunk  lines  and  numerous  other 


*  The  Committee  have  received  discussions  in  response  to  their  circular,  most  of  them 
answering  in  fall  and  giving  reasons  for  their  opinions,  from  the  following  persons,  in 
addition  to  which  a  number  of  discussions  were  received  not  in  answer  to  specific  questions 
and  hence  not  readily  abstracted. 

Decatcb  Axtell Receiver,  Richmond  and  Alleghany  R.  R. 

W.  S.  G.  BiKER Prest.,  Baltimore  Car  Wheel  Co. 

Oliver  W.  Barnes Ex-Chief  Engineer,  So.  Penna.  R.  R. ,  etc. 

M.  J.  Becker Chief  Engineer,  Pittsburgh,  Cine,  and  St.  Louis  Ry. 

Charles  Blackwell Engr.  of  Machinery,  Georgia  Central  R.  R. 

J.  Blickensderfer Consulting  Engineer,  Union  Pacific  Ry. 

Vlrgil  G.  Bogue Chief  Engineer,  Union  Pacific  Ry. 

J.  M.  Boon Supt.  Motive  Power,  West  Shore  R.  R. 

M.  r.  BoNZANO Supt.,  P.  and  N.  Y.  Div.  Phila.  and  Reading  R.  R. 

G.  BouscABEN Consulting  Engineer,  Ex-Chief  Engineer,  Cincinnati  So.  Ry. 

Thomas  J.  Brereton Supervisor,  Penna.  R.  R.  » 

Wm.  H.  Brown Chief  Engineer,  Penna.  R.  R. 

R.  E.  Briggs Chief  Engineer,  Denver  and  Rio  Grande  Ry. 

Wm.  Buchanan Supt.  Motive  Power,  N.  Y.  C.  and  H.  R.  R.  R. 

M.  Burpee Chief  Engineer,  New  Brunswick  Ry. 

Edward  C.  Carter Prin.  Asst.  Engr.,  Chicago  and  N.  W.  Ry. 

Wilson  Crosby Civil  Engineer,  Bangor,  Me. 

J.  Foster  Crowell Civil  Engineer,  Ex-Engineer  of  Construction,  Penna.  R.  R. 

W.  G.  Curtis Supt.  Track,  Southern  Pacific  Ry.  (with  other  oflScers). 

r.  G.  Darlington Supt.  Cine,  and  Muskingum  Valley  R.  R. 

F.A.Delano Chief  of  Bureau  of  Ruil  and  Rail  Joint  Inspections,  Tests  and 

Records,  Chicago,  Burlington  and  Q.  R.  R. 

M.  M.  Defrkes Engineer  of  Bridges  and  Buildings.  Ohio,  Ind'a  and  W.  R.  R. 

P.  H.  Dudley Engineer  of  Tests,  etc.,  N.  Y.  C.  and  H.  R.  R.  R. 

Robert  Fletcher Professor  of  Civil  Engineering,  Dartmouth  College. 

Robert  Fohsyth  Manager  Union  Works,  Illinois  StoelCo.,  Chicago. 

William  Forsyth Mechanical  Engineer,  Chicago,  B.  and  Q.R.  R. 

Geo.  W.  Ginus Mechanical  Engineer,  Chicago,  M.  and  St.  P.  Ry. 

G.  B.  Hazlehurst Engineer  of  Briilges  and  Tests,  Baltimore  and  Ohio  R.  R. 

J.  D.  Hawks Chief  Engineer,  Michigan  Central  R.  li. 

H.  V.  Hinckley Office  Engineer,  Atchison,  Topeka  and  Santa  Fu  R.  R. 
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great  systems  are  represented  in  these  responses  or  on  this  Committee. 
The  discussions  will  make  a  large  i^amphlet,  and  they  are  accompanied 
bv  many  drawings.  It  was  impossible  to  do  more  than  tabulate  the 
spec-ific  responses  without  unduly  delaying  this  report;  but  the  discus- 
sions constitute  such  a  valuable  collection  of  jiractical  information  as  to 
rails  and  wheels  that  your  Connuittee  recommends  their  publication 
in  full. 

Your  Committee  was  surprised  as  well  as  gratified  to  find  that, 
instead  of  developing  the  diversity  of  oj^inion  which  is  the  frequent 
result  of  such  inquiries,  and  which  the  condition  of  present  practice  as 
to  rail  sections  made  especially  probable,  the  responses  show  throughout 
the  degree  of  agreement  as  to  essentials  above  noted,  amounting  almost 
to  unanimity  in  respect  to  the  specific  questions  submitted;  those, 
namely,  concerning  the  form  and  general  proportions  of  the  head  of 

R.  Hitchcock Master  Car  Builder,  Conn.  River  R.  R. 

Wm.  E.  Hoyt Chief  Engioeer,  Rochester  and  Pittsburgh  R.  R. 

M.  G.  Howe Receiver,  Houston,  E.  and  W.  Texas  and  Pacific  Ry. 

J.  B.  Johnson Professor  of  Civil  Engineering.  Washington  University. 

Thos.  H.  Johnson Prin.  Asst.  Engr.,  Pittsburgh,  Cine,  and  St.  Louis  Ry. 

Wm.  R.  Jones Gen.  Supt.,  etc.,  Edgar  Thompson  Steel  Works,  Pittsburgh,  Pa. 

Waltf.r  Katte  Chief  Engineer  New  York  Central  and  H.  R.  R.  R. 

Lewis  Kingman ..Asst.  Engr.  Atchison,  Topeka  and  Santa  Fe  R.  R. 

O.  H.  Landreth Professor  of  Civil  Engineering,  Vanderbilt  Universitj'. 

L.  F.  LoBEE Engr.  of  Maint.  of  Way,  Chicago,  St.  L.  and  Pittsburgh  Ry. 

A.  P.  Man,  Jr Gen.  Manager,  Silver  Spring?,  Ocala  and  Gulf  R.  R. 

Hunter  McDonald Engineer  in  Charge,  Nashv.,  Chatta.  and  St.  L.  Ry. 

Mansfield  Merrim.an Professor  of  Civil  Engineering,  Lehigh  University. 

Jas.  a.  JIillholland Gen.  Manager,  George's  Creek  and  Cumberland  R.  R. 

S.  F.  Morris  Div.  Engr..  New  Croton  Aqueduct,  New  York. 

JOH>i  Newell President  and  Gen.  Man.,  Lake  Shore  and  M.  S.  Ry. 

H.  W.  D.  Otis Gen.  Roadmaster,  N.  Y.  C.  and  H.  R.  R.  R, 

E.  PoNTZEN Civil  and  Consulting  Engineer,  Paris,  France. 

Edward  W.  Penfield Eng.  in  charge  Rail  Records,  C,  B.  and  Q.  R.  R. 

Tho8.  Prosser  &  Sons Steel  Tire  Manufacturers,  representing  Krupp  Works. 

J.  T.  Richards Asst  Chief  Engineer,  Pennsylvania  R.  R. 

A.  A.  Robinson Vice-Prest.  and  Chief  Engr.,  Atoh.,  T.  and  S.  F.  Ry. 

S.  W.  RoBiNSOX Professor  Mechanical  Engineering.  Ohio  State  University. 

C.  P.  Sandberg Rail  Expert  and  Inspector,  London,  England. 

Wm.  F.  Searles Consulting  Engineer,  Cleveland,  O. 

R.  I.  Sloan Chief  Engineer,  Manhattan  (Elevated)  Ry. 

J.  P.  Snow Civil  Engineer,  Woonsocket,  R.  I. 

W.  W.  Snow Prest  and  Gen.  Man.,  Ramapo  Wheel  Works. 

WATEBM.4N  Stone Engr.  and  Supt.,  Providence,  Warren  and  Bristol  R.  R.,  Provi- 
dence, R.  I. 

A.  J.  Swift Chief  Engr.  R.  R.  Dept.,  Delaware  and  Hudson  Canal  Co. 

G.  H.  Thomson Bridge  Engineer,  N.  Y.  C.  and  H.  R.  R.  R. 

Theodore  VooRHEES As  t.  Gen.  Supt.,  N.  Y.  C.  and  H.  R.  R.  R. 

H.  D.  Whitcomb  Chief  Engr.,  Richmond  and  Alleghany  Valley  R.  R. 

W.  How.\rd  White Ex-Asst.  Chief  Engr.,  C.  B.  and  Q.  R.  R. 

Don  J.  Whittemobe Chief  Engineer,  Chicago,  Milwaukee  and  St.  Paul  Ry. 
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rails.  This  result  lias  greatly  encouraged  yonr  Committee  in  unani- 
mously recommending,  as  it  now  does,  the  following  details  as  standards 
for  practice. 

First. — Your  Committee  recommends   a    twelve-inch  top    radius 

AS  A  standard  for  RAHi-SECTIONS  OF  ALL  WEIGHTS. 

The  disciissions  upon  this   question  show  so  far  as   they  answer  it 

specifically : 

In  favor  of  12-iQch,  "10  to  14  inches,"  etc 36 

[Axtell,  Barnes,  Becker,  Bogue,  Bonzano,  Bouscaren, 
Breretou,  Brown,  Briggs,  Crowell,  Delano,  Dudley, 
Forsyth  (William),  Gibbs,  Hawks,  Hinckley,  Hitch- 
cock. Hoyt,  Johnson  (T.  H.),  Jones,  Katte,  Kingman, 
Landreth,  Loree,  Man,  McDonald,  Merriman,  Millhol- 
land,  Newell,  Penfield,  Eobinson  (A.  A.),  Snow  (J.*  P.), 
Stone,  Swift,  Thomson,  Whitcomb.] 

In  favor  of  12-inch  or  less 3 

[Forsyth  (Robert),  Richards,  Sandberg.] 
In  favor  of  12-inch  or  somewhat  more   5 

[Burpee,  Carter,  Fletcher,  Pontzen,   White.] 
In  favor  of  12-inch  by  imj^lication  [Curtis] 1 

Total  favoring  about  12-incli  top  radius 45 

In  favor  of  flat  top 7 

[Blackwell,  Darlington,  Defrees,  Hazlehurst,  Morris, 
Searles,  Whittemore.] 

Prefers  flat  top  [Howe] 1 

Prefers  20  to  30  inches  (Robinson,  S.  W.) 1 

Total  favoring  flat  top 9 

The  prevailing  sentiment,  which  your  Committee  shares,  appears  to  be 
that  the  end  sought  in  the  suggestion  of  an  entirely  flat  top  between 
the  rounded  corners,  viz.,  a  wider  bearing  for  the  wheel-tread,  is  a 
desirable  one;  but  that  it  is  and  will  be  better  secured  in  practice  by 
using  a  slight  curve  for  the  top  of  the  section,  instead  of  a  straight  line. 
The  evidence  is  that  an  entirely  flat  top  is  difiicult,  if  not  impossible,  to 
roll  properly;  trials  have  resulted  badly.  Inevitable  irregularities 
of  track  and  the  usual  slight  bends  in  the  web,  due  to  the  rails  lying 
on  their  sides  when  hot,  would  throw  the  bearing  of  the  wheel-tread  on 
one  or  the  other  corner  instead  of  evenly  across  the  toi),  causing  early 
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flowage  and  roundiuf?  of  section.  The  standard  wheel-tread  (shown  iu 
Appendix  A)  is  now  slightly  coned,  a  perfectly  cylindrical  tread  having 
been  first  rejected.  While  few  hold  that  the  coning  has  a  sensible  in- 
fluence on  curve  resistance,  the  belief  is  general  that  coning  does  have  a 
sensible  steadying  effect  to  diminish  oscillation,  and  it  is  qnestionable  if 
it  would  be  wise  to  wholly  dispense  with  it.  Were  the  tread  origin- 
ally perfectly  cylindrical,  with  an  even  bearing  for  the  whole  width  of 
rail  head,  the  necessary  gauge  play  alone  would  tend  to  wear  it  hollow. 
Under  existing  conditions  wheel  treads  wear  slightly  hollow,  corre- 
sponding to  about  a  12-inch  radius,  very  early  in  their  lives.  As  a  con- 
sequence, nearly  all  rails  now  wear  down  to  a  curved  toji  on  the  out- 
side as  well  as  the  inside  of  the  head.  (See  Fig.  7  of  the  Committee's 
Preliminary  Report,  reproduced  in  Appendix  A.)  Were  flat  rails  and 
cylindrical  wheels  universal  on  any  one  line,  and  were  they  thus  made 
free  from  all  tendency  to  wear  to  a  curve,  the  constant  interchange  of 
cars  would  bring  hollow  treads  on  flat  rails  and  straight  treads  on 
round-top  rails.  With  the  top  curve  the  load  is  sustained  centrally  and 
transmitted  directly  downward  throtigh  the  web.  Without  it,  one  or 
the  other  corner  will  sustain  the  load  in  practice,  and  neither  long  in 
succession,  causing  a  tendency  to  split  off  the  side  of  the  head  if  the 
metal  be  in  any  way  defective.  Most  wheels  being  worn  slightly  hollow, 
the  bearing  is  in  practice  now  tolerably  wide. 

For  these  and  other  reasons,  your  Committee  is  entii'ely  clear  that 
the  attempt  to  introduce  a  perfectly  flat  top  is  inexpedient. 

Second. — Your  Comshttee  recommends  a  broad  head  relatively 
TO  DEPTH  FOR  SECTIONS  OF  ALL  WEIGHTS,  taking  care  not  to  go  too  far  in 
either  dimension,  especially  in  very  large  or  very  small  sections,  or  to 
endanger  the  flange  cutting  into  the  joint. 

The  discussions  upon  this  question  show,  so  far  as  they  categorically 
answer  it  (the  Committee's  question  having  been  framed  with  refer- 
ence to  the  proportions  of  the  Michigan  Central  section,  Fig.  1,  Appen- 
dix A)  : 

Unconditionally  in  favor  of  about  that  proportion 36 

[Axtell,  Barnes,  Becker,  Blackwell,  Bonzano,  Bouscaren, 
Crowell,  Dudley,  Fletcher,  Forsyth  (Robert),  Gibbs, 
Hazlehurst,  Hinckley,  Hitchcock,  Hoyt,  Howe,  (M.  G.), 
Johnson,  (T.  H.),  Jones,  Katte,  Kingoaan,  Landreth, 
Loree,  Man,  McDonald,  Merriman,  Morris,  Newell,  Pont- 
zen,  Richards,  Robinson  (A.  A.),  Sandberg,  Searles, 
Snow  (J.  P.),  Swift,  Whitcomb,  White.] 
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Want  head  still  wider  in  proportion 5 

[Delano,  Forsyth  (William),  Hawks,  Penfield,  Thomson.] 

Wants  head  slightly  narrower  [Carter] 1 

Approves  for  generally  light  alignment  [Millholland] 1 

Approves  by  implication  [Curtis] 1 

Total  approving  above  i*ecommendation 44 

Disapproving    [Brereton,,  Brown,  Crosby,  Eobinson  (S.  W.)] .     4 

Non-committal  or  doubtful  answers 2  • 

[Bogue,  Stone.] 

Your  Committee  is  much  imi^ressed  with  the  weight  of  evidence 
and  opinion  tending  to  show  that,  in  the  effort  to  secure  three  ends  in 
themselves  desirable  and  proper,  too  Httle  attention  has  been  paid  to 
metallurgical  laws  and  processes  of  manufacture  in  designing  rail  sec- 
tions.    The  tendency  has  been  strong: 

A. — To  secure  a  broad  bearing  on  the  tie,  by  widening  the  base. 
At  the  same  time: 

-B. — To  save  metal,  by  making  the  base  thinner,  and  also  the  web; 
while: 

C — To  increase  tonnage  life,  additional  metal  has  been  placed 
on  the  to])  of  the  rail  head.  These  ends,  as  stated,  are  in  them- 
selves good,  but  the  result  of  seeking  to  attain  them  in  this  way  is  a 
great  disprojiortion  of  mass  in  the  different  jjarts  of  the  section;  and 
this  in  turn  requires  that,  in  order  to  have  the  thinner  portions  of  the 
section  sufficiently  plastic  for  the  finishing  jjasses  through  the  rolls,  the 
head  must  be  so  hot  when  it  leaves  the  rolls  as  to  be  almost  semi-fluid; 
and  so  the  rolls  do  little  of  that  effective  compressive  work  which  un- 
questionably is  essential  for  proj^erly  consolidating  and  toughening 
either  wrought-iron  or  steel.  This  unequal  temperature  after  leaving 
the  rolls  also  makes  it  much  more  difficut  to  insure  that  the  rails  shall 
be  straight  when  cool,  and  hence  results  in  more  "gagging."  '  As 
there  exists  also  a  constant  and  injurious  tendency  to  roll  even  the 
thinner  parts  tolerably  hot,  in  order  to  quicken  the  process,  save  making 
seconds,  and  reduce  the  number  of  i)asses,  it  will  be  seen  how  probable 
it  is  that  the  heads  of  many  rails  have  been  leaving  the  rolls  in  but 
little  better  molecular  condition  than  when  they  entered  them. 

In  European  practice  no  such  extreme  conditions  prevail.  The 
double-headed  or  "bull-head"  sections  arc  nearly  symmetrical  about 


REPORT   ON    RAILWAY    AVHEELS    AND    RAILS.  229 

tlieir  horizontal  axis.  Even  in  respect  to  the  increasing  propor- 
tion of  flat-base  American  sections  used  in  European  i^ractice,  the  ten- 
dency is  to  use  narrower  and  thicker  bases  and  thicker  webs  than  have 
of  late  prevailed  here.  It  seems  probable  that  European  practice 
has  been  in  this  respect  more  nearly  correct  than  ours,  and  that  our 
manufactixrers  liave  been  at  times  susj^ected  unjustly  of  using  inferior 
metal  and  processes,  when  the  real  fault  lay  in  the  harder  jsrciblem 
given  them  to  solve,  because  of  the  form  of  the  section.  Your  Com- 
mittee knows  of  rails  which  chemical  analysis  and  subsequent  working 
under  the  hammer  showed  to  be  rolled  from  excellent  metal,  yet  which 
showed  a  coarse,  uneven  fracture  when  broken,  and  proved  almost 
worthless  in  service.  An  important  contributing  cause  to  the  badness 
of  many  suc-h  rails  may  be  insufficient  allowance  for  the  fact  that  hot 
metal,  like  cold,  requires  a  certain  time  to  flow,  if  its  texture  is  to 
remain  homogeneous;  in  other  words,  that  the  process  of  rolling  must 
not  be  too  fast;  and  your  Committee  does  not  regard  a  relatively  wide 
head  as  in  itself  a  cure-all,  nor  does  it  forget  that  many  rails  of  quite  un- 
symmetrical  form  have  rendered  good  service;  but  it  thinks  it  probable 
that  better  wearing  qualities  would  be  obtained  by  nearer  approach  to 
equality  in  mass  and  form  of  the  base  and  head,  while  a  relatively  wide 
head  also  increases  the  top  bearing  surface. 

Third. — Your  Committee  recommends  a  one-four ih  (j)  inch  corner 

RADIUS,  AS  A  STANDARD  FOR  SECTIONS  OF  ALL  WEIGHTS. 

The  discussions  on  this  question  show,  so  far  as  they  categorically 
answer  it: 

Explicitly  in  favor  of  -4-inch  radius 37 

[Axtell,  Barnes,  Blackwell,  Bonzano,  Bouscaren,  Brereton, 
Brown,  Briggs,  Burpee,  Carter,  Crosby,  Crowell,  Dar- 
lington, Defrees,  Dudley,  Fletcher,  Forsyth  (Robert), 
Forsyth  (William),  Gibbs,  Hazlehurst,  Hawks,  Hitch- 
cock, Hoyt,  Johnson  (T.  H. ),  Katte,  Landreth,  Loree, 
Man,  McDonald,  Merriman,  Morris,  Peufield,  Pontzen, 
Richards,  Searles,  Whitcomb,  White.] 

In  favor  of  \  to  -f^  -inch 3 

[Becker,  Thomson,  Whittemore.] 
Prefers -i\-iuch.      [Delano,  Robinson  (S.  W.),  Snow  (J.  P.)] . .       3 

Prefers  by  implication  (sends  section).      [NewellJ 1 

In  favor  of  f -inch 5 

[Bogue,  Hinckley,*  Kingman,*  Robinson  (A.  A.),*  Howe. J 

Total  favoring  short  corner  radius 49 

Explicitly  in  favor  of  f -inch  radius  or  disapproving  i-inch . .       5 
[Baker,  Millholland,  Sandberg,  Stone,  Swift.] 

*  Conditional  upon  fillet  radius  being  the  same. 
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Your  Committee  did  not  expect  such  unanimity  in  favor  of  a  short 
corner  radius.  It  can  only  say  tliat  it  has  especially  endeavored,  in 
every  Avay,  to  secure  discussions  from  those  supposed  to  favor  a  long 
corner  radius  corresponding  to  the  now  standard  f -inch  wheel  fillet. 
Only  one  such  discussion  has  been  offered;  that  of  Mr.  Millholland.  Tlie 
arguments  on  this  question  were  given  at  length  in  the  Committee's 
Preliminary  Eeport,  and  the  preliminary  conclusions  announced  therein 
have  been  endorsed,  as  shown  in  Appendix  A. 

Fourth. — YotJK  CoMlVnTTEE  recommends  a  one-sixteenth  (iV)  INCH 
LOWER  CORNER  RADIUS  FOR  THE  HEAD,  AS  A  STANDARD  FOR  SECTIONS  OF  ALL 
WEIGHTS. 

The  discussions  on  this  question  show,  so  far  as  they  categorically 

ansAver  it: 

Favor  a  very  small  radius  (question  was  asked  as  to  a  -3-2-inch 

radius;  see  Fig.  1,  Appendix  A) 31 

[Barnes,  Becker,  Bouscaren,  Brown,  Briggs,  Buri^ee,  Car- 
ter, Crosby,  Curtis,  Darlington,  Dudley,  Hazlehurst, 
Hawks,  Hitchcock,  Hoyt,  Howe,  Johnson  (T.  H.),  Jones, 
Katte,  Loree,  Man,  McDonald,  Milholland,  Morris, 
Pontzen,  Sandberg,  Searles,  Snow  (J.  P.),  Swift,  Whit- 
comb,  White.  I 

Favor  still  smaller  radius  (-npinch) 5 

[Hinckley,  Kingman,  Newell,  Robinson(A.  A.),  Thomson.] 

Total  favoring  y\r-iuch  or  less  36 

Opposed  to  so  short  a  radius 7 

[Blackwell,    Bonzano,    Brereton,    Forsyth  (Robert),  Lan- 
dreth,  Robinson,  S.  W.,  Stone.] 

"  Possibly  too  small  "  [Bogue,  Delano] 2 

"  Unimportant  "  [Axtell,  Crowell,] 2 

Non-committal 4 

[Blickensderfer,  Forsyth  (William),  Penfleld,  Richards.] 

The  purpose  of  the  very  short  radius  is,  of  course,  to  secure  as  much 

bearing  as  possible  for  the  fish-plate,  bat  your  Committee  is  unable  to 

see  that  it  can  do  any  harm  even  if  no  fish-plate  be  used.     The  evidence 

of  the  discussions  from  the  rail-makers  is,  that  there  is  no  difficulty  in 

rolling  the  section,  even  if  the  corner  be   a  point,    as   some  of  the 

sections  submitted  have  it.     The  specific  section  on  which  the  question 

was  based  showed  a  -y\r-incli  radius,  and  it  is  imijossible  to  say  if  as 

many  would  have  approved  it  had  it  been  -!-„  inch  instead;  but  from  the 

general  tenor  of  the  discussions,  your  Committee  feels  satisfied  that 
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they  ■will  do  so  now,  and  the  principle  of  the  short  corner  being 
approved,  the  Committee  felt  that  it  should  recommend  as  short  a  one 
as  was  clearly  practicable. 

Fifth. — Your  Commiitee  kecommends  that,  starting  erom  a  suffi- 
cient BASE  width  of  HEAD  TO  GIVE  AMPLE  BEARUm  FOB  THE  JOINT,  OB  TO 
CONFOBM  TO  EECuMMENDATION  No.  1,  THE  SIDES  BE  CAERIED  UP  VEBTICAIi, 
AS  A  STA^DARD  FOR  SECTIONS  OF  ALL  WEIGHTS. 

The  discussions  on  this  question,  so  far  as  they  categorically  answer 
it,  show  : 

Explicity  in  favor  of  vertical  sides 40 

,  [Astell,  Barnes,  Becker,  Blackwell,  Bogue,  Bonzano,  Bous- 

caren,  Briggs,  Burpee,  Carter,  Crosby,  Crowell,  Curtis, 
Darlington,  Delano,  Defrees,  Fletcher,  Forsyth  (Robert), 
Forsyth  (William],  Gibbs,  Hazlehurst,  Hawks,  Hinck- 
ley, Hitchcock,  Hoyt,  Johnson  (T.  H.),  Kingman, 
Landreth,  Loree,  Man,  McDonald,  Merriman,  Morris, 
Pentield,  Pontzen,  A.  A.  Kobinson,  Sandberg,  Searles, 
Stone,  Whitcomb.J 

In  favor  of  vertical  sides  or  nearly  so  [Richards] 1 

"  "     or  an  inward  flare  [Snow  (J.  P.)]. . .  1 

"  •'  "     or  an  outward  flare  [Howe,  Katte] . .  2 

"  "  "     on  tangents,  slight  incline  for  curves 


[Jones] 


Total  favoring  in  siibstance  vertical  sides 45 

Opposed  to  vertical  sides 9 

[Brown,  Dudley,  Millholland,  Swift,  White;  and  wanting 
slight  flare,  3  to  4  degrees:  Brereton,  Newell,  Robin- 
son (S.  W.),  and  Thomson.] 

Starting  from  a  proper  base  width,  which  appears  the  projjer  point 

to  start  from,   and  carrying  the  side  up  vertical  instead  of  inclining 

inward,  in  the  first  place  increases  the  top  bearing  surface,  and  in  the 

second  place  increases  the  life  of  the  rail  by  a  trifling  addition  to  the 

weight  of  the  section,  near  the  upper  corner,  where  the  metal  is  most 

useful  and  long-lived. 

The  accompanying  cut  shows  in  black  the  relative  areas  to  be  worn 
J  
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away  before  tlie  flange  is  bedded  in  the  rail  to  tbe  depth  of  one  inch 
and  hence  apjiroximately  the  relative  tonnage  life  on  the  outside  of 
curves;  because,  after  the  flange  is  once  bedded  in  the  rail  to  this  depth, 
wear  goes  on  at  such  an  accelerated  rate  that  the  subsequent  life  of  the 
rail,  of  whatever  original  section,  amounts  to  little.  By  the  vertical 
side,  likewise,  the  difliculty  about  the  gauging  point  is  done  away  with, 
and  the  head  is  brought  into  a  nearer  approach  to  symmetry  with 
the  base. 

The  contrary  practice  starts  with  a  given  top  width,  and  argues  that 
by  flaring  out  the  sides  there  is  more  metal  to  be  worn  away  before  the 
rail  becomes  useless,  while  the  bearing  for  the  angle-bar  is  increased — • 
which  is  true.  But  the  added  metal  is  put  on  chiefly  at  the  bottom 
of  the  head,  where  it  is  least  effective,  and  is  cut  away  by  the 
flange  when  it  does  reach  it  almost  as  fast  as  if  it  were  lead.  After  a 
head  has  been  designed  with  such  an  outward  flare,  by  filling  out  the 
corner  so  as  to  restore  the  vertical  side  the  life  can  be  still  further  pro- 
longed, as  respects  both  flange  wear  and  toij  wear,  by  metal  very  efiect- 
ively  disposed. 

As  respects  any  of  the  preceding  recommendations,  your  Committee 
sees  no  reason  why  they  will  not  give  an  equally  favorable  section  for 
either  curves  or  tangents,  and  either  for  angle-bar  joints  or  for  any  form 
of  base-support  joint.  An  argument  of  some  strength  is  advanced  in 
favor  of  an  inward  flare  for  such  joints,  but  your  Committee  sees  no  gain 
therefrom  corresponding  to  the  loss. 

Sixth. — YouK  Committee  announces  as  riNAii  conclusions  the  pke- 

lilMINABT  CONCLUSIONS  AS  TO  THE  GENERAL  LAWS  OP  KAIL  AND  WHEEL 
WEAR  INCLUDED  IN  ITS  PRELIMINARY   RepoRT. 

These  conclusions,  with  a  summary  of  what  may  be  called  the  vote 
thereon,  are  appended  hereunto  in  Appendix  A.  One  or  two  verbal 
ambiguities,  which  seem  to  have  caused  misapprehension,  are  cor- 
rected ;  but  beyond  a  few  such  verbal  corrections  the  discussion  has 
developed  nothing  which  seems  to  indicate  that  any  part  of  the 
Committee's  Preliminary  Report  should  be  reconstructed. 

Your  Committee  does  not  deem  it  proper  to  go  beyond  the  above 
reconiniendatious  and  attempt  to  elaborate  details  for  standard  sections 
complete.  All  that  is  included  within  the  scope  of  its  instructions  it 
has  now  done.  Anything  beyond  this  must  be  done  by  a  committee 
expressly  appointed  to  recommend  standard  forms  of  rail  sections,  and 
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not  merely  to  "  consider  the  proper  relations  to  each  other  of  the 
sections  of  railway  wheels  and  rails."  Bat  the  fact  that  such  un- 
expected unanimity  of  opinion  has  develoised  in  respect  to  the  proper 
form  of  the  head  of  a  rail  section  encourages  the  Committee  to  believe 
that  a  moderate  amount  of  intelligent  effort  would  secure  the  adherence 
of  three-quarters,  at  least,  of  the  engineers  and  railway  mileage  of  the 
country  to  a  set  of  standard  sections  elaborated  after  due  inquiry  and 
comparison  of  views. 

Your  Committee,  having  discharged  the  duty  intrusted  to  it,  now 
asks  to  be  discharged. 

Eespectfully  submitted, 

H.  Stanley  Goodwin,  1 

A.  M.   Wellington,  | 

Samuel  Rea,  j 

George  S.  Morison,  [-  Committee. 

Thomas  Rodd,  j 

S.  M.  Felton,  Jr.,  | 

James  Akchbald,  J 

APPENDIX  A. 

To  Report  of  Committee  on  Form  of  Rails  and  Wheels,  etc. 

The  Committee  sent  out  on  April  20th,  1889,  the  following  Circular 
of  Inquiry,  supplementary  to  another  circular  of  date  March  18th, 
which  was  was  substantially  identical  except  as  explained  in  the  bodv  of 
this  circular: 

The  Committee  desire  to  supplement  their  last  circular,  which  showed 
only  one  section  (Fig.  1  herewith),  by  submitting  with  it  two  other  sec- 
tions, the  three  together  being  typical  of  all  the  varieties  of  i^ractice  which 
exist.  You  will  greatly  aid  the  Committee  in  the  work  of  preparing  a 
final  report  (especially  if  you  have  not  yet  answered  the  first  circular), 
by  answering  briefly  the  following  questions  in  regard  to  each  of  these 
sections.  The  preliminary  report  of  the  Committee,  giving  all  the  facts 
which  they  could  collect,  and  tlio  preliminary  conclusions  which  the  facts 
seemed  to  warrant,  was  published  in  the  Transactions  of  this  Society 
for  July,  1888. 

Please  state  if  you  approve  or  not  the  following  features  of  the  rail 
section  shown  in  Fig.  1  (a  lately  adopted  standard  of  the  Michigan  Cen- 
tral Railway)? 

A.  The  i-inch  corner  radius? 

B.  The  12-inch  top  radius? 
C   The  vertical  sides? 

-D.  The  very  small  lower  corner  radius? 
E.  The  broad  head  relatively  to  depth? 
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Fig.  2.  LuniOH  Vallky  Standabd. 
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Do  you  api^rove  or  not  the  following  features  of  the  rail  section 
shown  in  Fig.  2  (the  standard  of  the  Lehigh  Valley  Raiload)? 

A.  The  I -inch  corner  radius,  identical  with  a  similar  fillet  radius  for 
the  inner  corner  of  the  flange? 

B.  The  10-inch  top  radius? 

C.  The  decided  flare  of  the  sides? 

D.  The  high  and  large  head  relatively  to  base? 

Do  you  approve  or  not  the  following  features  of  the  rail  section 
shown  in  Fig.  3  (the  standard  of  the  George's  Creek  and  Cumberland 
Railroad)? 

A.  The  corner  radius  identical  with  fillet  radius  of  wheel? 

B.  The  extension  of  the  identical  form  of  rail  and  wdieel  to  afford 
bearing  contact  over  the  entire  side  of  the  rail  and  inside  of  flange,  in- 
stead of  over  a  part  only? 

C.  The  general  form  of  the  head? 


Fig.  3. ,  George's  Cbeek  and  Cumberland  Standard. 

Those  who  have  not  answered  the  previous  circular  of  March  18th, 
are  again  asked  to  refer  to  the  preliminary  report  of  the  Committee 
and  answer  the  following  questions  in  regard  to  it.  The  Committee 
cannot  properly  prepare  a  final  report  without  a  full  expression  of  the 
views  of  those  who  are  interested  in  this  important  question. 

[The  parts  of  the  Preliminary  Report  referred  to  in  the  questions 
below  are  rej^rintedin  this  Appendix  in  connection  with  the  vote.] 

(1)  Do  you  consider  that  the  evidence  submitted  in  the  Committee's 
report,  published  in  the  Transactions  of  the  Society  for  July,  1888, 
together  with  your  own  experience  and  observations,  warrants  acceijting 
as  final  conclusions  the  preliminary  conclusions  as  to  causes  of  sharp 
flanges  outlined  at  the  foot  of  page  28?  If  not,  please  state  your 
objections. 
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(2)  Do  you  consider,  on  the  same  basis  of  fact  and  personal  experi- 
ence, that  the  j)reliminary  conclusion  as  to  rail-wear  stated  near  the 
bottom  of  page  35,  "that  the  rate  of  rail-wear  grows  very  materially 
greater  as  the  rail  corner  is  rounded  off  to  fit  the  fillet  of  the  flange," 
may  pro23erly  be  accepted  as  a  final  conclusion?  If  not,  please  state 
your  reasons. 

(3)  Do  you  consider  that  the  engravings  on  page  38-9,  with  your 
own  observations  and  experience,  warrant  the  conclusion  that  worn  rails 
in  service  take  a  top  radius  of  about  12  inches,  seldom  much  less  or 
more,  and  a  corner  radius  of  about  ^  inch,  or  somewhat  more?  If  not, 
please  state  your  own  conclusions. 

(4)  Do  you  regard  as  warranted  by  the  evidence  the  preliminary 
conclusions  stated  in  the  two  i^aragraphs  at  the  bottom  of  page  44?  If 
not,  why  not? 

(5)  Do  you  regard  as  warranted  the  preliminary  conclusions  as  to 
fillet  radius,  on  page  45,  at  the  end  of  the  report? 

(6)  Mr.  Don  J.  Whittemore,  Past  President  Am.  Soc.  C.  E.,  Chief 
Engineer  of  the  Chicago,  Milwaukee  and  St.  Paul  Railway,  in  a  paper,* 
of  which  advance  copies  have  been  published  by  the  Society,  objects  to 
any  top  curve  at  all,  and  proposes  an  entirely  flat  top  between  projDer 
corner  curves.  Do  you  deem  this  likely  to  be  effective  in  reducing 
rail-wear,  and  advise  recommending  an  entirely  flat  top? 

The  responses  to  the  questions  asked  as  to  the  Michigan  Central  sec- 
tion, Fig.  1,  are  summarized  in  the  body  of  this  report.  To  the  ques- 
tion as  to  the  Lehigh  Valley  section,  Fig.  2,  the  responses  capable  of 
summary  w^ere: 

Disaj)prove  unconditionally 22 

[Axtell,  Barnes,  Blackwell,  Bouzano,  Bousearen,  Brereton, 

Burpee,   Carter,   Darlington,  Delano,    Fletcher,   Gibbs, 

Hazlehurst,   Hitchcock,  Hoyt,   Johnson    (T.    H.),    Lan- 

dreth,  Loree,  Merriman,  Searles,  Snow  (J.  P.),  Stone.] 

Disapprove  by  implication  (answered  first  circular,  in  which 

this  question  was  not  specifically  asked,   in  favor  of  the 

main  features  of  the  Michigan  Central  section) 20 

[Becker,  Brown,  Briggs,  Crosby,  Curtis,  Defrees,  Dudley, 
Forsyth  (WiUiam),  Hawks,  Howe  (M.G. ),  Jones,  Katte, 
Man,  McDonald,  Morris,  Newell,  Penfield,  Poutzen,  Rich- 
ards, Whitcomb.] 

Disapproves,  but  like  high  head  [Crowell] 1 

"  "         10-inch  top  radius  [Forsyth   (Robert), 

Sandberg,  Richardsj  3 

Disapproves,  but  likes  the  flare  [White] 1 

Total  disai:)proving 47 

Total  ajiproving  [Baker,  Millholland  | 2 

Non-commital   [Hincklev,   Kingman,    Robinson  (A.   A.), 

Swift] r 4 

[Messrs.  Hinckley,  Kingman  and  Robinson  (A.  A.)  are,  by 
implication,  disposed  to  favor  Fig.  1  rather  than  Fig.  2,  but 
do  not  so  respond  categorically.  ] 

*  Transactions  Am.  Soc.  C.  E.    Vol.  XXI,  p.  133. 
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To  tlie  questioD  as  to  the  George's  Creek  and  Cumberland  section, 
there  is  but  one  favorable  response,  that  of  Mr.  Millholland,  and  that 
appro^•es  it  oulv  for  roads  of  excessive  curvatui'e.  Five  others  [Baker, 
Hinckley,  Kingman,  A.  A.  Robinson,  Swift]  approve  the  corner  radius. 
All  other  responses  disapprove  the  section,  many  of  them  with  emphasis. 

Question  (1)  above  referred  to  the  following  summary  of  conclusions 
(the  fir.st  one  being  slightly  modified  in  form  to  make  its  intended 
meaning  more  clear)  as  to  the  causes  of  flange  wear,  from  page  28  of  the 
Committee's  Preliminary  Eei)orl : 

"First. — That  a  tendency  to  eventually  wear  to  a  sharp  fiaiige  is  a 
natural  phenomenon,  which  wonld  exist  and  must  exist  in  all  perfect 
and  ijerfectly  running  wheels,  if  there  were  no  specific  causes  for  it,  and 
which  t-aunot  be  eliminated  by  any  form  of  rail  or  wheel. 

"Second. — That  imperfections  of  diameter  of  wheels  or  of  trucks,  or 
both,  give  a  tendency  to  run  to  one  rail  or  the  other  to  nearly  all  axles, 
relieving  half  the  wheels  of  flange-wear  tendency,  and  aggravating  that 
of  the  other  half. 

"  T/^Z/v/.— That  the  quality  of  the  wheel  then  has  an  enormous  effect 
on  the  number  of  sharp  flanges,  causing  many  more  when  the  fillet-chill 
is  softer  than  the  tread. 

"  Fourth. — That  when  the  wheel  is  sound  and  the  quality  even,  about 
half  the  wheels  get  sharp  flanges,  while  this  proportion  is  reduced  as 
the  number  of  special  defects  increases,  which  cut  short  the  life  of  the 
wheel  before  it  is  worn  out. 

"Fifth. — That  wheels  which  fail  from  flange  wear  are  among  the 
most  durable  of  all  wheels,  if  not  the  most  durable,  approximating  to, 
if  not  exceeding,  the  life  of  those  which  fail  from  long-continued  tread 
wear  only,  without  developing  other  defect;  so  that  no  apijreciable 
money  loss  results  from  wheels  running  to  flange  instead  of  failing  from 
tread  wear  only." 

To  the  question  as  to  approval  of  this  summary  of  laws  of  flange-wear 

the  responses  were: 

Approving  unconditionally 28 

[Axtell,  Barnes,  Boon,  Bouacaren,  Brereton,  Brown, 
Briggs,  Carter,  Crosby,  Crowell,  Delano,  Fletcher, 
Forsvth  (Robert),  Gibbs,  Hawks,  Hitchcock,  Hoyt, 
Howe  (M.  G.),  Johnson  (T.  H.),  Landreth,  Man,  Mc- 
Donald, Penfield,  iSearles,  Snow  (J.  P.),  Stone,  Swift, 
Whitcomb.  J 
Approving,  with  comments  and  limitations,  chiefly  referring 
to  the  ambiguous  original  wording  of  the  first  statement, 

which  is  corrected  above 9 

[Baker,    Burpee,   Dudley,  Katte,  Merriman,    Millholland, 
Pontzen,  Thomson,  White.] 

Approving,  with  limitations  as  to  the  fifth  [Curtis] 1 

Approving  all  but  the  first  [Forsyth  (William)] 1 

Approving,  with  doubts  as  to  third,  fourth  and  fifth  [Becker] .       1 
Approving   by  implication,  but  not  answering  categorically. .     11 
[Blackwell,    Buchaaan,    Darlingtou,  Defrees,    Hazlehurst, 

Jones,  Loree,  Newell,  Otis,  Richards,  Voorhees.]  

Total  ajiproving  imconditionally  or  in  substance. .....     51 
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Disapproving  unconditionally 0 

"  Generally,  no  "  [Bonzano] » 1 

Disapproving  for  the  most  i^art,  although  approving  in  part.       3 

[Hinckley,  Kingman  and  (A.  A.)  Robinson.]  

Total  disapproving 4 

Question  (2)  of  circular  above  was  as  to  approval  or  disapproval  of 
the  Committee's  preliminary  conclusion  expressed  in  the  italicized  "words 
of  the  following  quotation  from  page  35  of  its  Preliminary  Report: 

"If  we  remember  in  connection  with  the  records  just  given:  (1)  that 
they  included  lioth  inside  and  outside  rails,  only  the  latter  showing  a 
tendency  to  flange  wear;  (2)  that  the  rails  on  the  sharper  curves  were  much 
younger  than  on  the  easier  ones,  so  that  the  full  contrast  had  not 
developed,  and  (3)  that  the  rate  of  tangent  rail-wear  of  the  same  rails 
seemed  rather  to  decrease  with  age,  these  figures  seem  to  your  Com- 
mittee to  l)e  strong  evidence  that  the  rate  of  rail-wear  grows  very  materi- 
ally greater  as  the  rail  corner  is  rounded  off  to  fit  the  fillet  of  the  flange.'" 

The  responses  showed: 

Unqualifiedly  accepting  the  conclusion 41 

[Axtell,  Baker,  Barnes,  Becker,  Blackwell,  Bonzano,  Bous- 
caren,  Brereton,  Brown,  Briggs,  Buchanan,  Buri^ee,  Car- 
ter, Crosby,  Crowell,  Delano,  Dudley,  Fletcher,  Forsyth 
(Robert),  Gibbs,  Hawks,  Hitchcock,  Hoyt,  Howe,  Johnson 
(T.  H.),  Katte,  Loree,  Man,  McDonald,  Merriman, 
Milholland,  Otis,  Penfield,  Pontzen,  Richards,  Snow 
(J.  P.),  Snow  (W.  W.),  Thomson,  Voorhees,  Whitcomb, 
Whittemore.] 

Accepting   conclusion  with  certain  comments  or  limitations 

not  appearing  to  aft'ect  the  substance 2 

[Searles,  White.] 

Accepting  conclusion  by  implication  from  other  answers  as  to 

form  of  rail  sections,  but  not  answering  categorically 8 

[Darlington,  Defrees,  Forsyth  (William),  Hazlehurst, 
Jones,  Katte,  Newell,  Sloan.]  

Total  accepting  conclusion  explicitly  or  in  substance . .     51 


No  by  implication  [Hinckley,  Kingman,  Robinson  (A.  A.)]. . .       3 

Total  not  accepting  the  conclusion 3 

Doubtful  or  experimenting  [Curtis,  Katte,  Landreth] 3 

Question  (3)  above,  as  to  whether  the  engravings  on  pages  38  and  39 
of  the  Preliminary  Report  (reproduced  herewith),  with  personal  observa- 
tion and  experience,  warrant  the  conclusion  that  "worn  rails  in  service 
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take  a  top  radius  of  aboiit  12  inches,  seldom  much  more  or  less,  and  a 
corner  radius  of  about  ^  inch,  or  somewhat  more,"  is  answered  as 
follows : 

12-inch  top  radius 36 

[Axtell,  Baker,  Barnes,  Becker,  Bonzano,  Bouscaren, 
Brereton,  Briggs,  Curtis,  Delano,  Fletcher,  Forsyth 
(Robert),  Forsyth  (William),  Hawks,  Hinckley,  Hitch- 
cock, Hoyt,  Howe,  Johnson  (T.  H.),  Jones,  Katte, 
LandrethjLoree,  Man, McDonald,  Merriman,  Millholland, 
Penfield,  Richards,  Searles,  Snow  (J.  P.),  Stone,  Swift, 
Thomson,  Whitcomb,  White.] 

12  to  14  inches  [Carter,  Gibbs,  KatteJ    3 

12  to  16  inches  [Dudley] 1 

12  inches  or  less  [Brown] 1 

12  inches  with  conditions  not  affecting   substance    [Burpee, 

Merriman,  Poutzen] 3 

12  inches  by  implication  [Newell] • 1 

Total  agreeing  that  natural  wear  is  to  about  12  inches 

radius 45 

Dissenting,  "  wear  nearly  flat  "  [Darlington] 1 

Dissenting — Worn  rails  in  service  do  not  take  a  top  curve 

unless  they  have  been  turned  [Crowell] 1 

Dissenting  without  comment  [Defrees,  Hazlehurst,  Whitte- 

more] 3 

Total  dissenting 5 

Not  prepared  to  answer  [Blickensderfer,  Crosby] 2 

As  to  the  second  part  of  the  above  question,  whether  wear  tends  to 
maintain  about  a  i-inch  corner  radius,  the  responses  stand: 

Yes,  i-inch  radius 22 

[Axtell,  Baker,  Barnes,  Bonzano,  Bouscaren,  Brere- 
ton, Briggs,  Carter,  Delano,  Fletcher,  Forsyth  (Robert), 
Gibbs,  Hawks,  Hitchcock,  Hoyt,  Johnson  (T.  H.), 
Landreth,  Loree,  McDonald,  Millholland,  Richards, 
Stone.] 

Not  over  i-inch  [Katte,  Voorhees] 2 

Somewhat  less  than  J-inch  [Brown] 1 

Somewhat  more  tban  J-inch  [Howe,  Snow  (J.  P.)] 2 

i-inch  +  aV  [Forsyth  (William),  Penfield] 2 

i-inch  to  ^^  [Becker,  Man,  Thomson] 3 

i-inch  to  |  [Merriman,  Searles] 2 

i-inch  with  modifying  comments  [Dudley*] 1 

|-inch  [Hinckley,  Kingman,  Robinson  (A.  A.)] 3 

g-inch  to  i  [Curtis] ]^ 

Total  answering  about  i-inch  in  substance 39 

*  For  light  rails,  j',;  for  60  to  75  pound  rails,  i;  above  that,  ^\. 
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"  ?-incli  "■  fSwift] 1 

"  Not  proven  "  [White] 1 

Total  dissenting 2 

About  twenty  of  the  responses  either  omit  to  answer  this  question  or 
explicitly  state  that  they  have  not  examined  into  the  matter  enough  to 
feel  justified  in  expressing  an  opinion. 

Question  (4)  above  is  as  to  whether  the  views  expressed  in  the  follow- 
ing quotations  from  page  44  of  the  Committee's  Preliminary  Eei^ort  are 
warranted  by  the  evidence: 

"Is  it  desirable  that  the  corner  radii  of  rail  and  wheel  in  Figs.  9 
and  10  shoiild  be  nearly  alike,  or  differ  considerably?    (See  page  246.) 

"So  far  as  rubbing  friction  only  is  concerned  there  will  be  less  wear 
if  they  differ  considerably;  so  far  as  crushing  action  is  concerned,  there 
will  be  less  as  the  radii  approach  each  other.  As  a  whole,  it  seems  jirob- 
able  to  your  Committee  that  the  very  minimum  rate  may  be  Avhen  the 
fillet  and  rail  radii  are  nearly  alike,  but  not  quite;  but  that  they  should 
be  therefore  made  so  in  the  beginning  api^ears  more  doubtful  for  the 
following  reasons: 

"The  evidence  seems  to  be  that  under  all  working  condition^  the 
rate  of  rail-wear  is  very  much  less  before  the  conditions  of  Fig.  11  are 
reached  than  afterwards.  It  is  therefore  desirable  to  ])Ostpone  the 
attainment  of  such  conditions  as  much  as  possible.  But  if  the  radii  be 
made  nearly  alike  in  the  beginning,  we  have  but  little  metal  to  w^ear 
away  before  the  conditions  of  Fig.  11  are  attained.  In  proportion  as 
the  corner  is  originally  sharper  we  have  more.  That  is  to  say,  if  we 
take  the  total  metal  available  for  wear  in  the  head  at  10  pounds  per  yard 
or  1  square  inch,  by  using  for  the  corner  radius: 

j-inch  in  place  of  J-incli  we  add  14.08  per  cent,  to  wearing  section. 
i  "  8.05 

I  "  3.35 

"If  the  preceding  indications  are  correct  as  to  this  being  very  nearly 
the  metal  of  slowest  wear  in  the  rail  head,  this  is  a  serious  loss,  much 
larger  than  the  al)ove  percentages  alone  indicate,  and  the  question  of 
which  radius  will  give  the  lowest  rate  of  wear  ia  the  new  rail  is  less  im- 
portant tl)an  which  gives  the  most  metal  to  be  worn  away  before  the 
conditions  of  Fig.  11  obtain." 
The  responses  stand  as  follows: 

Aijproving  unqualifiedly 31 

[Axtell,  Barnes,  Becker,  Bonzauo,  Boxiscaren,  Brereton, 
Brown,  Briggs,  Carter,  Crosby,  Crowell,  Delano,  Dudley, 
Fletcher,  Forsyth  (Robert),  Forsyth  (William),  Gibbs, 
Hawks,  Hitchcock,  Hoyt,  Howe,  Johnson  (T.  H.),  Katte, 
Man,  McDonald,  Mei-rhnan,  Penfield,  Pontzen,  Seirles, 
Stone,  Thomson.] 

Approving  with  limitations  of  minor  moment 3 

[Curtis,  Laiidreth,  Snow  (J.  P.)] 

Approving  by  im2)lication  from  other  answers 9 

[Buchanan,  Darlington,  Defreos,  Hazlehurst,  Jones, 
Newell,  Richards,  Voorhees,  Whitcomb.]  

Total  approving 43 
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Disapproving  explicitly 3 

[Baker,  Millliollancl ,  Swift.] 
Disapproving  by  implication 3 

[Hinckley,  Kingman,  Robinson  (A.  A.)]  

Total  disapi)roving 6 

Question  (5)  above  related  to  the  views  suggested  in  the  following 
quotation  from  page  46  of  the  Committee's  Preliminary  Report,  which 
quotation  follows  immediately  after  the  one  last  given: 

"  The  same  reasoning,  if  sound,  applies  conversely  to  the  fillet  radius  of 
flange.  The  larger  this  radius,  the  longer  will  it  take  to  wear  away  enough 
metal  to  bring  about  the  conditions  of  Fig.  11.  (See  page  246. )  The  most 
usual  fillet  radius  some  years  ago  was  J  inch,  but  f  inch  has  lately  been 
made  standard  by  the  Master  Car  Builders'  Association,  for  the  supposed 
jiurpose  of  ai)proximating  more  nearly  to  the  form  of  the  rail-head,  with 
some  admitted  disadvantage  in  manufacturing,  because  the  smaller  the 
radius,  the  more  difficailt  it  is  to  get  a  25erfect  chill  in  the  fillet.  If 
the  preceding  deductions  are  correct,  a  J-inch  radius  is  rather  to  be 
preferred  for  all  reasons;  but  there  is  no  particular  necessity  from  a 
mechanical  point  of  view  for  having  any  single  standard  radius,  either 
for  rail  or  wheel  (although  of  course  it  still  remains  highly  desirable, 
for  commercial  and  manufacturing  reasons,  to  unify  practice)." 

[To  avoid  jjossible  misconception,  which  appears  in  some  of  the 
discussions,  the  Committee  has  deemed  it  wise  to  add  the  words  in 
parentheses  to  this  quotation.] 

The  responses  in  regard  to  this  question  are: 

Regard  the  conclusions  as  warranted 36 

[Axtell,  Baker,  Barnes,  Becker,  Bonzano,  Bouscaren, 
Brereton,  Brow-n,  Briggs,  Burj^ee,  Carter,  Crosby,  Crowell, 
Curtis,  Delano,  Dudley,  Fletcher,  Forsyth  (Robert), 
Forsyth  (William),  Gibbs,  Hawks,  Hitchcock,  Hoyt, 
Howe,  Johnson  (T.  H.),  Katte,  Landreth,  Loree,  Man, 
McDonald,  Penfield,  Pontzen,  Searles,  Snow  (W.  W.), 
Stone,  Thomson.] 

Approve  by  implication 12 

[Buchanan,  Darlington,  Defrees,  Hazlehurst.  Newell, 
Otis,  Richards,  Thomson,  Voorhees,  Whitcomb,  White, 
Whittemore.]  

Total  accepting  conclusions,  exi^licitly  or  impliedly.     48 

Dissenting  explicitly 5 

[Hinckley, Kingman,  Milholland,  Robinson  (A.  A.),  Swift.] 
Dissenting  by  implication  [Boon,  Snow  (J.  P.)] 2 

Total  dissenting 7 
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The  Committee  submits  these  views,  which  it  has  gathered  as  to 
fillet  radius,  for  consideration  ou  their  merits;  but  inasmuch  as  there 
now  exists  a  standard  wheel  section  which  has  come  into  extensive  use, 
it  felt  that  it  was  inexpedient  in  this  report  to  recommend  any  change 
in  the  existing  standard. 

Question  (6)  above  relates  to  the  suggestion  of  an  entirely  flat  toi^  be- 
tween the  rounded  rail  corners.  One  vote  on  this  qiiestion  (approval  or 
disapproval  of  a  12-inch  top  radixis)  is  recorded  in  the  body  of  this  re- 
port, but  as  the  vote  on  the  direct  question  differs  somewhat,  it  is  here 
given,  as  follows: 

In  favor  of  a  flat  top 7 

[Blackwell,  Darlington,  Defrees,  Hazlehurst,  Howe,  Mor- 
ris, Whittemore.] 

In  favor,  with  qualifications  [Crowell] 1 

Inclined  to  favor  a  flat  top  [Axtell,  Baker, White] 3 

Total  favoring  a  flat  top 11 

Disapproving  a  flat  top 36 

[Barnes,  Becker,  Bonzano,  Bouscaren,  Brereton,  Brown, 
Briggs,  Buchanan,  Carter,  Curtis,  Delano,  Dudley.  For- 
syth (Robert),  Forsyth  (William),  Gibbs,  Hawks,  Hinck- 
ley, Hitchcock,  Hoyt,  Johnson  (T.H.),  Jones,  Katte,  King- 
man, Man,  McDonald,  Merriman,  Millholland,  Pontzen, 
Richards,  Robinson  (A.  A.),  Sloan,  Snow  (J.  P.),  Stone, 
Swift,  Thomson,  Voorhees.] 

Disapproving  by  implication  [Loree,  Newell] 2 

Disapproving  for  coned  wheels;  otherwise  doubtful 1 

[Whitcomb.]  

Total  opposed   to  a  flat  top 39 

Doubtful;  "  as  nearly  flat  as  possible,  say  18  inches" 4 

[Burpee,  Fletcher,  Johnson  (J.  B.J,  Landreth.] 

The  matter  contained  in  this  Appendix  might  with  i^ropriety  have 
been  included  in  the  Committee's  report,  and  is  to  be  considered  as  a 
part  thereof,  but  as  it  did  not  relate  to  tlieir  final  recommendations,  but 
only  to  premises  on  which  to  base  such  recommendations,  the  Commit- 
tee concluded  to  confine  its  report  to  sjiecific  recommendations  only. 
As  of  probable  interest  in  this  connection,  the  Committee  append  here- 
with a  drawing  of  the  present  Master  Car  Builders'  standard  wheel 
tread.    (Fig.  4.) 
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Fig.  4.— Master  Car  Boelders'  Standard  Wheel  Tread  Section. 
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Eaeii  or  Worn  Suhface  of  Rails  in  Seuviob,  Pennsylvania  Company. 
Tangent  Kails. 


[Roproduced  from  the  Committeo's  ProUminary  Rcjiort.] 
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Fig.  7 — Continued. 

Eadii  of  the  Worn  Surfaces  of  the  Rails  in  Service,  Pennsylvania  Company. 
Inside  and  Cutside  Rails  of  Cijrves. 
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APPENDIX  B. 

The  following  extracts  are  made  from  letters  received  in  addition  to 
categorical  re^jlies  to  the  questions  of  the  circiilars  issued  by  the  Com- 
mittee : 

M.  J.  Becker,  President  Am.  Soc.  C.  E. — If  it  is  admitted  that  the 
tianges  of  wheels  (no  matter  how  small  their  number  may  be  in  propor- 
tion to  the  entire  lot)  are  be -oming  sharpened  by  use,  then  it  cannot  be 
denied  that  the  primary  cause  for  their  being  so  sharj^ened  is  on 
account  of  their  contact  with  the  rail  heads  while  rolling  over  the  track. 
Imjserfect  diameters,  oblique  trucks,  and  improper  gauging  may  aggra- 
vate the  result,  but  they  are  not  the  original  causes.  I  agree  with 
the  first  conclusion  of  the  Committee,  as  stated  on  page  28,*  that  this 
result  cannot  be  eliminated  by  any  form  of  rail  or  wheel ;  and  I  also 
admit  the  second  one  of  the  Committee's  conclusions.  But  while  I  am 
not  i^repared  to  controvert,  from  personal  experience  or  trustworthy 
information  in  my  possession,  the  correctness  of  the  third,  fourth  and 
fifth  conclusions  on  the  same  page,  I  am  not  ready,  from  the  data 
appearing  in  the  report,  to  accept  them  as  final.  Generally  speaking,  I 
have  always  been  of  the  opinion  that  the  rail  section  is  affected  by  the 
wheelflanges  to  a  much  greater  extent  than  the  wheel  flanges  are  affected 
by  the  rail  section;  the  rail  metal  being  much  softer  than  the  chilled 
wheel  metal,  the  rail  would  seem  naturally  to  suffer  most  from  the  con- 
tact. 

My  experience  corroborates  the  conclusions  of  the  Committee  on 
page  35,  that  the  rate  of  rail  wear  increases  with  the  increased  contact 
area,  caused  by  the  rounding  of  the  corners  of  the  rail  to  fit  the  fillet  of 
the  wheel  flange.  This  is  certainly  true  as  far  as  the  outer  rail  on  curves 
is  concerned.  I  have  noticed  often  that  upon  a  portion  of  our  line, 
composed  largely  of  9  and  10  degree  curves,  the  inner  face  of  the  head 
of  the  outer  rail  was  being  rapidly  jjlaned  off"  as  in  a  lathe,  after  an 
impression  had  once  been  made,  and  that  the  track  was  thickly  strewn 
with  the  shavings  and  small  clippings  planed  off  the  rail  head  by  the 
rubbing  action  of  the  wheel  flanges.  I  have  never  noticed  a  similar 
eft'ect  iipon  tangents  and  lighter  curves,  but  ui^on  general  priucijile  the 
conclusions  of  the  Committee  would  seem  rational. 

I  have  never  seen  a  rail  worn  entirely  flat  on  top.  Mr.  Eodd's  illus- 
trations compare  very  closely  with  some  samples  collected  by  myself; 
one  of  these  I  inclose  (see  Fig.  5).  The  rail  was  made  at  the  Cleveland 
Rolling  Mill  and  sold  as  second  quality  on  account  of  its  supposed  hard- 
ness; it  was  laid  in  the  Columbus  Depot  Yard  in  1873,  and  was  literally 
worn  down  to  nothing  when  removed  about  two  years  ago.  The  rail 
was  without  a  flaw  throughout,  and  wore  remarkably  uniform  under  a 
very  heavy  but  irregular  trafiic  in  and  around  the  passenger  station, 
*  Preliminary  Report,  Transactions,  Vol.  XIX,  July,  1888. 
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A  top  curve,  with  a  radius  of  12  inches,  and  corners  -with  radii  of  from 
■j-  to  -i'V  inches  would  seem  to  me  about  the  proper  shape  for  a  rail  head. 


Fig.  5. 

Second-class  steel  rail  made  by  Cleveland  Kolling  Mill  Company  and  laid  in  Union  Depot 
tracks  at  Columbus,  O.,  1873.  Taken  up  1887.  Dotted  line  shows  original  section.  This 
rail  carried  all  of  the  L.  M.  K.  R.  freight  traffic  and  a  large  amount  of  switching  for  fourteen 
years. 


The  conclusions  of  the  Committee  on  page  44  seem  to  me  warranted. 
The  wheel  tread  should  fit  the  rail  top  for  as  great  an  area  as  possible; 
the  wheel  fillet  should  be  of  slightly  larger  radius  than  the  rail  corner, 
and  the  sides  of  the  rail  head  made  nearly  or  quite  vertical  so  as  to  i)re- 
vent,  for  the  longest  possible  time,  the  close  rubbing  contact  between 
wheel  flange  and  rail  head. 

I  consider  the  standard  rail  section  of  the  Michigan  Central  Kailroad 
a  vei7  good  one  in  every  particular,  unless  it  should  be  found  that  the 
shoulder  under  the  rail  head  is  insufficient  for  the  angle  bar,  in  which 
event  I  would  increase  the  top  width,  but  leave  the  sides  of  head  vertical, 
and,  if  necessary  to  maintain  the  weight,  would  shave  the  web  a  trifle. 

The  object  of  Mr.  Whittemore's  flat  head  rail  sections  is  to  obtain 
larger  bearing  surface  and  thereby  relieve  the  rail  from  the  excessive 
wheel  pressure.  This  is  certainly  desirable,  and  theoretically  the  flat 
head  would  accomplish  the  object,  but  I  would  aijpreheud  that,  even 
with  a  perfectly  flat  rail  head  in  general  use,  the  wheel  treads  would 
still  continue  to  wear  somcAvhat  hollow,  and,  if  so  worn,  would  ride  on 
one  or  both  etlges  of  the  flat-headed  rail  instead  of  the  entire  toyi,  and 
thereby  fail  to  accomi)lish  Mr.  AVhitt  em  ore's  purpose;  eventually  they 
would,  I  think,  wear  the  rail  top  round  to  conform  to  their  own  grooved 
shape. 
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W.  S.  G.  Baker,  President  Baltimore  Car  Wheel  Company.— I 
regret  that  I  am  uuable  to  give  an  opinion  from  practical  knowledge 
or  experience,  except  to  say  that  I  I'nlly  concur  with  observation  First, 
upon  page  28  of  Transactions  of  Society  for  July,  1888,  but  believe  with 
properly  made  wheels,  round  in  form,  uniformly  chilled,  well  paired, 
and  i^roperly  placed  in  trucks  with  load  centrally  jslaced  so  loads  will 
not  overhang  center  line  of  draft,  flange  wear  will  be  comparatively 
small,  regardless  of  form  of  rail  heads. 

The  only  reason  why  a  flange-worn  wheel  would  show  a  greater  per 
cent,  of  service  is,  that  they  have  better  wearing  qualities  upon  tread — 
others  being  either  lightly  chilled  on  tread  or  defective  from  special 
causes — in  other  words,  improperly  made. 

I  believe  that  chilled  wheels  can  be  made  that  will  give  even  wear 
and  be  free  (practically)  from  sj^ecial  defects. 

I  regret,  as  a  wheel  manufacturer,  to  admit  that  the  chilled  wheel  in 
general  use  is  not  proj^erly  made;  and  hold  the  railroads  responsible 
for  such  state,  as  price  and  not  quality  govern  their  purchases  in  large 
degree. 

OiiiVER  W.  Baenes,  M.  Am.  Soe.  C.  E.— I  take  the  opportunity  to 
inclose  a  section  (see  Fig.  6)  of  standard  j)attern  of  60-pound  rail 
which^I  have  just  designed  and  adopted  for  the  Baltimore  and  Drum 
Point  Kailroad,  80  miles  long.     The  peculiar  feature  of  this  rail  pattern 


is  in'^the  angle^under  the  head  "of  111  degrees,"  which  is  the  smallest 
of  any  rail  pattern  that  has  ever  been  used  that  I  am  aware  of.  If  this 
proves  satisfactory,  I  intend  in  the  future  to  use  a  still  less  angle. 
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The  angle  bars  used  with  this  rail  are  somewhat  different  from  those 
in  use  on  the  Pennsylvania  Eailroad,  inasmuch  as  the  Pennsylvania 
Kailroad  Comi3any  use  six  holes  in  each  joint,  whereas  I  consider  four 
as  amply  sufficient. 

Charles  Blackwell,  M.  Am.  Soc.  C.  E. — Sharp  flanges  are  caused 
by  disparity  in  circumferences  of  the  individual  wheels  forming  a  pair. 
I  advise  an  entirely  flat  top  with  maximum  of  width,  and  in  conjunc- 
tion, entirely  cylindrical  w^heels,  so  far  as  the  rail  bearing  is  con- 
cerned. 

Virgil  G.  Bogue,  M.  Am.  Soc.  C.  E. — The  accompanying  sketch, 
Fig.  7,  of  our  (Union  Pacific  E.  E.)  75-pound  rail  section,  i^ractically 
illustrates  my  view  of  what  the  rail  section  should  be. 


Fig.  7. 

Square  incbes.  Per  cent. 

Area  of  head 3  3G  u<  46 

"    web 132  18 

"    flaugc 2.G7  36 

Total  area  of  rail 7.35  iqq 

I  prefer  the  12-inch  top  radius  because  I  believe  the  rail  will  wear 
to  about  that  shape,  even  with  cylindrical  Avheels.  I  am  inclined  to 
think  tlie  J-inch  top  corner  radius  used  in  the  Michigan  Central 
standard  is  a  little  too  small.  I  believe  it  Avill  rapidly  wear  away 
the  whcfl  fillets,  and  therefore  prefer  g-inches.  I  prefer  vertical 
sides  for  head  of  rail.  I  prefer  small  lower  corner  radius,  but  at  this 
time  I  think  J -inch  about  right  for  it.     I  believe  rails  will  roll  better 
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■when  this  radius  is  not  quite  so  small  as  in  tlie  Micliigan  Central 
standard,  or  as  shown  in  Fig.  7.  I  prefer  vertical  sides  for  web  of 
rail,  because  I  believe  the  rails  will  roll  better  and  last  longer  when 
so  made.  I  have  never  heard  any  good  reason  for  making  these  sides 
curved,  as  is  usually  done.  Metal  is  needed  at  center  of  web  to  sus- 
tain heavy  blows. 

In  my  opinion,  the  reduction  of  metal  in  the  head  to  41  per  cent, 
of  the  whole,  as  shown  by  Michigan  Central  standard,  is  too  much  of 
a  good  thing.  We  have  used  46  per  cent,  in  the  belief  that  we  shall 
get  equally  good  results  in  the  manufacture  of  the  rails  and  better  re- 
sults as  to  wear. 

I  am  inclined  to  think  the  general  conclusions  of  the  Committee  as 
to  wheel  and  rail  wear  are  about  correct,  but  have  not  given  the  matter 
the  attention  required  for  positive  opinion. 

If  we  were  to  revive  our  75-pound  rail  section  and  joint  we  should 
make  the  lower  corner  radius  of  head  i-inch  ;  would  make  the  bolts 
1  inch  in  diameter,  and  the  angle  bars  at  least  42  inches  long.     They 


Note.— One  pair  of  angle  bars  weighs  70  pounds. 

are  now  40  inches  long.  In  my  judgment  there  is  no  gain  in  leaving 
a  space  between  the  tie  and  low^er  flange  of  angle  bar.  In  practice, 
the  rail  soon  cuts  the  tie  enough  to  bring  the  angle  bar  to  a  bearing  on 
it.     I  prefer  to  have  this  bearing  exist  from  the  start. 

G.  BoTJSC.\EEN,  M.  Am.  Soc.  C.  E.,  makes  the  following  annotation 
in  addition  to  his  answers  to  the  questions  of  the  circular,  as  elsewhere 
recorded : 

Decrease  width  of  flange,  making  thickness  on  edges  not  less  than 
i-inch  ;  allow  ^-inch  for  wear  ofi"  top  of  head  and  make  remaining  area 
B  equal  to  area  of  flange  C(see  Fig.  9). 
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The  engravings  of  worn  wheels  and  my  own  experience  warrant 
the  conclusion  that  worn  rails  in  service  take  a  top  radius  of  about  12 
inches,  seldom  much  less  or  more,  and  a  corner  radius  of  about  ^^-inch, 
or  somewhat  more.     Old  wheels  with   grooved   treads  tend  to  give  a 


surface  of  smaller  radius  ;  the  more  perfect  the  wheel  the  longer  the 
radius.  With  perfect  cylindrical  wheels  I  woixld  be  in  favor  of  flat  top 
heads  ;  the  point  of  greatest  importance  is  to  secure  the  largest  possible 
area  of  contact  between  tread  and  head.  So  long  as  it  is  not  possible 
to^jnaintain  the  majority  of  wheels  in  a  perfect  cylindrical  condition,  I 
would  not  recommend  an  entirely  flat  top. 


Thomas  J.  Brereton,  Jun.  Am,  Soc.  C.  E. — According  to  my  ex- 
perience your  committee  has  reached  proper  conclusions  with  regard  to 
relative  forms  of  flange  and  rail  head.  I  suggest  the  following  objections 
to  the  form  of  rail  illustrated  (Michigan  Central  Standard).  The 
vertical  sides  allow  less  shoulder  for  the  splice  bars  than  sides  which 
slope  outward  for  the  same  width  of  head  on  top.  The  splice  bars 
therefore  i)roject  too  far  from  the  rail,  and  after  the  already  slight  depth 
has  been  decreased  by  wear  a  very  little,  the  flanges  of  wheels  will  strike 
upon  the  splice  bars,  and  in  cold  weather  this  may  break  pieces  from 
the  flange  and  produce  disastrous  results. 
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Fig.  10.  -  G5  poiicd  rail,  Denver  and  Rio  Grande  Railroad. 
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I  could  point  out  to  your  committee  a  great  many  curves  upon  our 
road  (Pennsylvania  Railroad]  where  this  process  has  been  going  on  upon 
the  outside  rail,  and  in  some  instances  wheie  a  groove  has  been  planed 
out  of  the  projecting  top  of  the  splice  bar  from  i  to  i-inch  deep  by  this 
action.  This  always  occurs  where  we  have  placed  the  recent  heavy  splice 
bars  (our  No.  4  pattern)  upon  rails  of  the  old  60  and  70-pound  Pennsyl- 
vania Railroad  standard  section,  which  possessed  greater  depth  of  head 
and  less  projection  of  splice  bar  than  the  illustrated  pattern  of  your 
circular. 

I  approve  of  the  12-inch  top  radius  and  i-inch  corner  radius,  as  il- 
lustrated. 

I  should  consider  the  Michigan  Central  standard  better  if  the  head 
were  i-inch  higher  and  the  sides  flared  out  about  3  or  4  degrees. 

The  Pennsylvania  Railroad  has  tried  and  discarded  very  nearly 
the  same  section  as  the  Lehigh  Valley.  The  high  and  large  head  is 
especially  objectionable. 

The  George's  Creek  and  Cumberland  section  is,  I  think,  very  bad. 

R.  E.  Bkiggs,  M.  Am.  Soc.  C.  E.—I  enclose  sections  of  our  65-pound 
rail,  adopted  by  the  Denver  and  Rio  Grande  Railroad,  June  26th,  1888. 
(Fig.  9.) 

To  secure  the  broad  head  and  keep  the  weight  of  the  rail  within 
such  limits  as  would  be  approved,  the  sides  of  the  head  were  inclined 
toward  the  base  of  the  rail  and  the  lower  corner  made  sharp  to  increase 
the  bearing  surface  on  the  angle  bars.  This  was  done  with  the  idea  of 
l^utting  the  metal  in  the  head  where  the  greatest  wear  comes.  We  have 
laid  nearly  20,000  tons  of  this  pattern,  and  thus  far  the  results  have 
been  very  satisfactory.  I  do  not  deem  an  entirely  flat  top  likely  to  be 
effective  in  reducing  rail  wear.  ?So  far  as  my  experience  and  observa- 
tion goes,  12-inch  top  radius  is  about  right. 

W.  H,  Brown,  Chief  Engineer,  Pennsylvania  Railroad  Company. — 
We  do  not  advise  recommending  an  entirely  flat  top,  because  the 
corners  of  a  flat  top  rail  would  wear  away  rajsidly,  while  a  curved  top 
would  fit  the  tread  better. 

Moses  Burpee,  M.  Am.  Soc.  C.  E. — I  Avould  not  expect  sharp  flanges 
to  be  caused  by  rails  shown  in  Figs.  2  or  3  of  the  Committee's  prelimin- 
ary report,  but  would  by  Fig.  h,  at  least  until  the  whole  inside  surface 
of  flange  was  worn  to  the  very  edge;  the  other  conclusions,  on  page 
28,  I  think  reasonable. 

I  should  think  that  the  top  radius  of  rail  caused  by  wear  was  deter- 
mined by  the  average  shape,  etc.,  of  the  wheels  which  passed  over  it, 
and  a  different  radius  might  result  if  a  largely  predominating  propor- 
tion of  the  rails  were  at  first  rolled  to  a  diflerent  radius,  or  that  the 
efiect  of  wear  of  wheel  from  certain  shapes  of  rails  is  to  wear  other  rails 
to  a  like  shape. 
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I  recommend  an  entirely  flat  top,  if  practicable,  or  as  nearly  so  as 
possible.  With  a  wheel  and  rail  that  are  made  to  jiresent  the  largest  prac- 
ticable bearing  on  each  other,  it  seems  fair  to  expect  both  to  last  longer 
than  Tvheu  the  bearing  is  very  much  less.  I  -would  rather  have  the 
largest  possil)le  crown  radius  that  could  be  made  without  loss  of  a  proper 
degree  of  solidity  of  metal  in  the  head  of  rail;  believing  also  that  if  a 
flat  top  rail  could  be  j^roperly  made  it  would,  with  flat  wheels,  give  better 
results  than  the  j^resent  practice,  but  that,  should  it  ever  be  proven 
that  this  is  so,  it  must  be  done  by  gradual  changes  in  both  rails  and 
wheels,  which  changes  should  be  in  the  same  direction. 

I  think  that  the  wear  of  wheels  indicated,  as  to  a  radius  of  12  inches, 
a  good  reason  for  belief  that  with  a  flat  top  rail  in  general  use,  the 
wear  would  be  flat  also  on  the  wheels. 

Edward  C.  Carter,  M.  Am.  Soc.  C.  E. — The  Committee's  conclu- 
sions are,  for  the  most  part,  correct.  I  think  that  14  inches  would 
be  nearer  the  proper  curve  than  12  inches;  J-inch  corner  radius  is  all 
right. 

I  do  not  at  all  apjjrove  the  idea  of  an  entirely  flat  top.  A  flat  rail 
would  very  soon  be  worn  to  a  rounding  top  surface,  with  a  very  consid- 
erable loss  of  metal.  This  would  be  the  case  even  if  you  started  with 
new  wheels  and  rails,  respectively  cylindrical  and  flat  headed,  for  the 
wheels  will  wear  away  into  a  groove  and  then  wear  down  the  edges  of 
the  rails  to  correspond. 

Wilson  Crosby,  M.  Am.  Soc.  C.  E. — In  addition  to  his  recorded 
responses  to  questions  of  circular,  states  that  he  jjrefers  a  top  flatter 
than  12  inches  for  cylindrical  wheels,  but  with  coned  wheels  a  12-inch 
radius  of  rail  top  may  do;  also  that  he  deems  an  entirely  flat  top  be- 
tween the  rail  corners  likely  to  be  effective  in  reducing  rail  wear  with 
cylindrical  wheels,  but  with  coned  wheels,  doubtful. 

He  sees  no  gain  from  the  ciirve  or  objection  to  making  the  rail  top 
flat  instead  of  slightly  curved,  if  the  flat  toj)  of  the  rail  can  be  as  readily 
rolled,  and  he  advises  recommending  an  entirely  flat  top,  or  nearly  so, 
between  wheels  not  coned,  but  with  coned  wheels  should  prefer  a  12- 
inch  radius  for  the  top. 

J.  Foster  Crowell,  M.  Am.  Soc.  C.  E. — The  preliminary  report  of 
the  Committee  has  been  carefully  studied  from  the  point  of  view  which 
it  suggests. 

As  it  seems  to  me,  your  Committee  shows  an  inclination  to  adopt  a 
compromise  which  shall  most  fairly  meet  all  the  conditions  in  wheels 
and  rails  as  tliey  now  exist;  and  to  make  only  such  recommendations  as 
may  bo  followed  without  materially  affecting  the  manufacture  of  them. 
It  is  not  my  intention  to  question  the  wisdom  of  such  a  tentative  course, 
and  it  may  well  be  that  the  hour  is  not  here,  nor  the  man,  for  more  radical 
changes  which,  sooner  or  later,  probably  must  take  place.  If,  in  the  final 
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rendering  of  the  Committee's  report,  the  preliminary  conclusious  are 
confirmed,  the  question,  in  so  far  as  it  aflfects  the  rail  head,  will  have 
been  decided  according  to  the  extreme  conditions  pertaining  to  outer  rails 
on  curves,  as  rails  are  at  present  made  and  laid,  leaving  untouched 
the  grave  suggestiveness  of  that  wear  as  to  whether  the  rails  for  curves 
should  not  be  differentiated  in  form  or  position,  or  both;  it  is  of  course 
to  be  admitted  that  the  customs  now  prevailing  in  rail  manufacture 
and  supply  do  not  give  much  encouragement  in  such  a  direction, 
but  it  would  seem  that  the  additional  stress  on  outer  rails  or  about 
12  per  cent,  of  all  rails,  should  be  provided  for  before  disposing  of  the 
matter. 

With  such  reservation  as  to  scope,  I  send  reply  to  the  questions  which 
you  put. 

I  add  that  I  do  not  consider  that  worn  rails  in  service  take  a  top 
curve  unless  they  have  been  turned;  the  curve  then  results  from  the 
composite  effect  of  the  coning  of  the  majority  of  the  wheels,  tending  to 
wear  the  inner  half  of  the  rail  head  and  of  flattening  along  the  center  of 
rail  by  occasional  straight  treads  or  treads  grooved  by  wear.  I  should 
say  that  the  engravings  on  images  38  and  39  (Trans.,  July,  1888)  do  not 
ilhxstrate  the  primary  effect  so  well  as  Figs.  32  and  33  oni^age  6;  Fig.  32 
showing  the  primary  effect,  while  Fig.  33  api^ears  to  be  a  rail  that  has 
been  turned. 

The  evidence  appears  to  warrant  the  j)reliminary  conclusion  as  to 
fillet  radius  on  page  45.  This  is  a  question  so  largely  of  manufacture 
that  the  wheel  makers  may  be  safely  left  to  themselves  to  evolve  the 
best  wearing  fillet,  provided  its  form  does  not  react  ujion  the  rail  cor- 
ner; the  evidence  is,  however,  clear  that  the  larger  radius  is  best  for  the 
rail. 

In  answer  to  the  question  in  regard  to  Mr.  Whittemore's  proposed 
top,  entirely  flat  between  rail  corners,  I  would  say  that  I  am  greatly  in 
favor  of  dispensing  with  the  curve,  provided  the  coning  of  the  wheel  is 
abandoned  also,  as  he  recommends.  Under  those  circumstances  I  should 
recommend  an  entirely  flat  top,  and  see  no  objection  whatever  to  making 
it  so. 

W.  Gr.  Curtis,  M.  Am.  Soc.  C.  E. — The  various  divisions  of  the  Pacific 
system  lines  of  the  Southern  Pacific  Company,  in  the  States  of  Oregon, 
California  and  Nevada,  and  the  Territories  of  Utah,  Arizona  and  New 
Mexico,  aggregating  4  250  miles  in  length,  present  a  wide  diversity  of 
physical  characteristics. 

Many  of  the  divisions  have  steep  grades  and  crooked  alignment,  and 
some  of  the  others  lie  on  easy  grades  and  comparatively  straight  lines. 
The  Central  Pacific  through  line  crosses  the  Sierra  Nevada  Mountains 
at  an  elevation  of  7  017  feet  above  the  sea;  60  miles  of  the  Southern 
Pacific  on  the  Colorado  Desert,  in  Southern  California,  lie  below  ocean 
level,  the  lowest  point  being  — 266  feet.     The  minimum  winter  tem- 
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perature  iu  Nevada  is  about  60  degrees  below  zero,  and  tlie  maximum 
summer  temperature  in  some  parts  of  Arizona  is  over  120  degrees 
above  zero,  Fahr.  The  mean  annual  precipitation  (rain  and  melted 
snow)  in  some  jjortions  of  Central  and  Northern  California  is  consider- 
ably over  50  inches,  and  in  Westei-n  Arizona  it  is  less  than  3  inches. 

The  motive  power  consists  of  locomotives  of  many  classes,  ranging 
from  those  with  a  single  pair  of  drivers  and  weighing  15  tons,  to  those 
of  the  "El  Gobernador"  type,  with  five  pairs  of  drivers  and  weighing 
77  tons. 

These,  as  well  as  other  great  difi'erences  in  conditions,  cause  many  of 
the  operating  problems  to  present  themselves,  chameleon-like,  in  various 
colors  according  to  the  surroundings  of  the  observer,  and  as  a  necessary 
consequence  from  this  state  of  facts,  our  general  and  division  officers 
are  not  so  well  agreed  as  we  could  wish  upon  some  of  the  facts  required 
by  the  gentlemen  of  the  Committee.  But  I  may  say,  as  the  result  of 
our  observation  and  experience,  that  we  consider,  as  to  sharp  flanges, 
that  the  conclusions  of  the  Committee  are  correct,  and  in  this  connec- 
tion I  submit  the  following,  which  we  regard  as  conclusive  evidence  on 
this  point: 

Statement  of  steel  tired  and  cast-iron  car  wheels  in  six- wheeled  trucks, 
removed  from  under  passenger  stock  at  Oakland,  Cal.,  account  con- 
demned for  sharp  flanges  under  Master  Car  Builders'  rules,  from 
January  1st,  1884,  to  November  28th,  1887. 

Number  of  pairs  with 

both  wheels 
sharp  flanged. 

Number  of  pairs  of  wheels  on  outside  axles ....  14 

"  "  inside  axles 15 

middle  axles....  9 

38  297  335 

The  Committee  considers  *'  That  wheels  which  fail  from  flange  Avear 
are  among  the  most  durable  of  all  wheels,  if  not  the  most  durable, 
approximating  to,  if  not  exceeding,  the  life  of  those  which  fail  from 
long-continued  tread  wear  only  without  developing  other  defect;  so 
that  no  appreciable  money  loss  results  from  wheels  running  to  flange 
instead  of  failing  from  tread  wear  only." 

This  conclusion  appears  to  be  correct  for  chilled  cast-iron  wheels, 
according  to  our  experience,  evidenced  by  the  accompanying  statements 
of  wear  of  numbered  wheels.  In  connection  with  these  statements  I 
should  explain  that,  April  30th,  1881,  we  commenced  putting  in  service 
numbered.  Southern  Pacific  standard,  cast-iron  wheels.  From  that  date 
uj)  to  April  30tli,  1885,  we  had  put  in  from  time  to  time,  all  told,  29  114 
new  numbered  wheels  not  ground,  4  114  new  wheels  ground  and  5136 
old  wheels  ground.     The  old  wheels  iu  question  had  no  numbers  before 


one  wheel 

Total 

sharp  flauged. 

pairs. 

99 

113 

72 

87 

126 

135 

REPORT   ON    RAILWAY    WHEELS   AND    RAILS.  250 

being  ground,  but  were  assigned  numbers  after  being  ground  and  fitted 
for  further  service.  27  114  of  the  new  ground  and  unground  wheels 
were  manufactured  in  the  Southern  Pacific  Company's  wheel  foundry 
at  Sacramento,  Cal.,  iind  2  000  of  them  were  made  by  the  Ensign  Manu- 
facturing Company,  Huntington,  W.  Va.  All  of  these  wheels  were 
Southern  Pacific  Company  standard,  having  a  J-iuch  fillet  radius.  The 
make  of  the  5  136  old  wheels  (which  were  withdrawn  on  account  of  de- 
fects in  tread,  and  afterward  fitted  for  further  service  by  being  ground 
or  "  turned  true  "  in  a  Avheel  grinding  machine)  is  not  known. 

Unquestionably,  however,  the  tendency  to  run  to  sharp  flange  short- 
ens the  life  of  cast-iron  wheels  on  crooked  moiintain  divisions,  because, 
other  things  being  equal,  this  tendency  for  leading  wheel  to  run  to  outer 
rail  of  a  curve,  acting  in  the  same  direction  with  other  forces,  causes  the 
flange  on  such  wheel  to  wear  more  rapidly  than  would  be  the  case  with 
a  more  perfectly  running  wheel. 

Again,  this  conclusion,  for  our  average  conditions,  is  not  true  of  steel- 
tired  wheels.  Our  records  are  Hot  very  extensive  or  complete  in  this 
connection,  but  we  believe  the  following  computation,  based  on  the 
actual  service  of  ten  42-inch,  steel-tired  paper  wheels,  fairly  represents 
the  average  service  of  such  wheels,  and  I  believe  we  are  very  near  the 
truth  in  saying  that  wheels  of  this  descrii^tion  would  make  double  their 
present  actual  mileage  on  our  line  were  it  not  necessary  to  take  them 
out  on  account  of  sharp  flanges  and  turn  them  in  the  shop  after  about 
each  100  000  miles  run. 

Mileage  Lost  on  Account  of  Sharp  Flangfs  on  42-inch  Paper 

"Wheels. 

Mileage  made  bv  ten  42-inch  paper  wheels,  as  per  statement 

of  April  2d,'  1889 4  525  994 

Average  mileage  per  wheel 452  599 

Average  number  of  times  each  wheel  turned 4.4 

Number  of  miles  made  to  each  turning. 102  863 

Number  of  times   each   wheel   can   be  turned    (assuming 

i  inch  only  as  actual  wear  on  tread  at  time  of  turning) .  8 

Number  of  miles  each  tire  should  make  if  turned  for  wear 

on  tread  only 822  904 

Actual  mileage  per  wheel .* 452  589 

Mileage  lost  by  turning  wheel,  account  sharp  flange 370  305 

Eegarding  the  proposition  "  that  the  rate  of  rail  wear  grows  very 
materially  greater  as  the  rail  corner  is  rounded  off  to  fi-t  the  fillet  of  the 
flange:" 

Our  observers  here  are  not  agreed  on  this  point,  but  the  weight  of 
the  evidence  indicating  the  experience  of  this  company  seems  to  lead 
to  the  opposite  conclusion.     I  consider  further  exjieriments  are  needed 
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to  settle  tbo  matter  beyond  all  question  o.-  doubt,  and  to  that  end  we 
have  put  into  service  quite  a  number  of  rails  shaped  down  to  forms 
indicated  by  the  accompanying  sections,  Figs.  1,  2,  3,  4,  5,  Plate 
LXXI,  the  gauge  side  of  rail  varying  from  a  vertical  line  to  one  inclined 
about  77  degrees  from  the  horizontal  and  with  the  top  corner  of  curve 
on  the  gauge  side  ranging  from  i  to  f  inch  radius.  These  rails  are 
from  the  same  lot  and  supposed  to  be  quite  uniform  in  quality.  To 
eliminate  nearly  all  doubt  as  to  difference  in  quality  of  the  metal,  so 
far  as  it  cuts  any  figure  in  the  experiment,  some  30-foot  rails  have  been 
cut  into  two  and  three  pieces  and  the  different  i^ieces  planed  out  to  dif- 
ferent forms;  these  rails  liave  been  laid  on  outside  of  curves.  The  ton- 
nage over  them  will  be  recorded  and  tlie  rate  of  wear,  with  all  other 
essential  facts,  carefully  observed.  I  regret  the  resulting  data  will  not 
be  available  for  immediate  use  by  your  committee. 

As  to  radius  of  top  curve  of  worn  steel  rails,  our  experience  con- 
firms the  committee's  conclusion,  that  this  worn  top  curve  has  a  radius 
of  "12  inches,  seldom  much  less  or  more."  The  wear  of  "corner 
radius,"  however,  according  to  our  observation,  averages  somewhere 
between  f  and  ^  of  an  inch,  as  indicated  by  what  we  regard  as  typical 
worn  sections,  sent  you  herewith  (Plate  LXXI,  Figs.  6,  7,  8). 

Referring  to  questions  on  page  44  of  the  report  of  Committee: 

"First. — Will  there  be  more  or  less  grinding  friction  or  abrasion 
under  the  conditions  of  Fig.  10  or  under  those  of  Fig.  11  ?  " 

"Second. — Is  it  desirable  that  the  corner  radii  in  Figs.  9  and  10 
should  be  nearly  alike,  or  differ  considerably  ?  "     (See  page  246.) 

It  is  quite  plainly  evident  that,  while  the  conditions  continue  to  be 
practically  those  of  mere  rolling  friction,  as  in  Fig.  10,  the  abrasion  will 
be  at  a  less  rate  than  for  the  sliding  contact  indicated  by  Fig,  11;  but, 
especially  for  outer  rail  of  curves  on  a  crooked  road,  it  is  somewhat 
doubtful  whether  the  conditions  of  rolling  contact  in  question  can  be 
maintained  for  any  considerable  length  of  time,  and  when  the  element 
of  sliding  friction  begins  to  appear  the  sliding  takes  place  under  much 
greater  pressure  per  unit  of  surfaces  in  coutact  than  it  afterward 
becomes  under  the  conditions  indicated  by  Fig.  11.  It  seems,  there- 
fore, as  above  stated,  that  further  experiments  are  vei*y  much  needed  in 
addition  to  the  information  written  down  in  the  committee's  prelimin- 
ary report,  before  the  conclusions  outlined  in  that  report  can  either  be 
confirmed  or  disproved, 

llegarding  the  wheel  fillet  radius,  the  staudard  of  our  road  is  J  of  an 
inch,  and  regardless  of  all  other  considerations,  we  shall  doubtless  con- 
tinue to  prefer  this  curve  as  permitting  the  iiroduction  of  wheels  with  a 
better  and  more  uniform  chill  than  obtainable  when  using  curves  of  a 
shorter  radius. 

Mr.  Whittemore's  paper  referred  to,  proposing  cylindrical  wheels 
and  flat  to])  rails,  seems  to  agree  with  theoretically  correct  conclusions; 
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vet  it  is  evident  that  with  wheels  and  rails  of  this  description,  if  the 
rail  is  inclined  inward  or  outward  to  the  slightest  extent,  contact 
between  wheel  and  rail  top  is  reduced  enormously,  and  the  moment 
or  leverage  of  a  heavy  wheel  on  one  side  of  a  wide  rail  top  has, 
especially  on  tangents,  a  tendency  to  break  off  one  side  of  the  rail  head. 
In  other  words,  to  realize  the  advantages  Mr.  Whittemore  claims  for  his 
design,  the  flat  tops  of  both  rails  must  lie  in  the  same  plane  which 
must  be  coincident  with  a  "horizontal"  plane  tangent  to  the  wheel 
treads  in  contact  with  the  rail.  It  is  very  doubtful  whether  it  is  prac- 
ticable, with  ordinary  care  in  maintenance,  to  provide  for  this  perfect 
condition  and  adjustment  of  wheels  and  rails. 

The  conditions  of  contact,  other  things  being  equal,  can  be  accom- 
plished with  flat  top  rails  and  ordinary  coned  wheels,  coning  about  1  in 
20  inches,  almost  as  well  as  by  the  proposed  cylindrical  wheels,  by 
inclining  the  rail  inward  toward  the  center  line  of  track  (as  illustrated 
by  Fig.  9,  Plate  LXXI),  which  indicates  the  practice  of  this  road  on 
mountain  divisions  and  to  some  extent  on  valley  divisions,  new  ties 
being  "  spotted  "  by  machinery  to  carry  the  rail  in  the  i^osition  shown. 

Fig.  10,  Plate  LXXI,  shows  about  the  average  form  of  all  locomo- 
tive driving  wheel  tires  in  service  on  our  lines.  Fig.  11,  Plate  LXXI, 
indicates  the  same  thing  for  a  badly  worn  driving  wheel  tread.  Befer- 
ring  to  Fig.  10,  it  is  evident  that  the  rail  may  be  inclined  either  in- 
ward or  outward  to  some  considerable  extent,  and  yet  with  a  round 
topped  rail  (either  section  shown  in  Fig.  9  or  Michigan  Central  section 
on  page  234  ante)  and  driving  wheel  tires  in  average  condition,  there  is 
an  opportunity  for  the  wheel  to  take  such  a  position  as  will  bring  a  con- 
siderable portion  or  its  tread  and  the  rail  top  in  contact,  thus  giving 
reason  to  believe  that  under  average  conditions,  Avith  comparatively 
light  rails  used  on  the  greater  portion  of  the  mileage  of  the  country, 
there  is  as  likely  to  be  as  much  of  the  wheel  tires  and  rail  tops  in  con- 
tact under  the  coned  wheel  round  rail  toj)  iDractice  as  with  the  cylin- 
drical wheel  and  flat  rail  top  design  proposed  by  Mr.  Whittemore. 

I  am  in  confident  expectation  that  my  friends  and  fellow-members  of 
our  Society  east  of  the  Rocky  Mountains,  who  have  so  much  better 
opportunities  so  to  do  than  we  of  the  extreme  West,  will  conduct  the 
exhaustive  practical  experiments,  which  certainly  seem  to  be  necessary 
to  clear  away  all  doubt  from  this  most  interesting  branch  of  the 
subject. 


Plate  LXXII  shows  sections  of  iron  rails  in  track  of  the  Sacramento 
Division  of  the  Central  Pacific  Railroad. 
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Southern  Pacific  Company. — Service  op  ALti  New  Numbered  33-inch 
Cast-iron  CAR-WHEEiiS,  not  Ground  for  Four  Years,  ending  April 
30th,  1885. 


Total  number  iu  service 29  114 

Passenger  wheels  condemned 2  421 

Freight  wheels  condemned 2  713 

Total  wheels  condemned 5,134 


Cost  per  wheel 

Cost  per  mile 

Of  wheels  condemned,     788  or  15  per  cent,  sharp 

Of  wheels  condemned,     348  or  7  per  cent,  worn  out 

Of  wheels  condemned,  3  998  or  78  per  cent,  other  causes. 

Wheels  in  Passenger  Service. 


Total 
Mileage. 


144  477  9fi3 
56  374  268 


200  852  231 


Of  ijvheels  condemned. 
Of  wheels  condemned. 
Of  wheels  condemned, 


696  or  28  per  cent,  sharp. . . 

245  or  10  per  cent,  worn  out, 

1  480  or   62   per    cent,    other 

causes 


Total  wheels  condemned,     2  421 


Cost  per  wheel. 
Cost  per  mile  . . 


Wheels  in  Freight  Service. 


Of  wheels  condemned. 
Of  wheels  condemned. 
Of  wheels  condemned, 


92  or  3  per  cent    sharp 

103  or  4  per  cent,  worn  nut 

2  518  or  93   per   cent,     other 

causes 


50  535  394 

23.530  717 

126  786  120 


46  317  460 
18  606  815 


79  553  688 


4  217  934 
4  923  902 


Total  wheels  condemned,    2  713 


Cost  per  wheel. 
Cost  per  mile.. 


Average 
Mileage. 


39  122 


64  131 
67  617 
31,712 


66  548 
75  946 


53  752 
59  677 


45  847 
47  405 


18  757 
20  779 


$8.50 
.00022 


$8.50 
.00014 


$8.50 
.00041 


SOUTHERN  PACIFIC  COMPANY. 

Experimental  Rail  Section,  formed  by  Planing  down 
6 1 S  Lb.  Scranton  Steel.      Pattern    1882. 


Worn  "Blind"  (PlaogeleSB)  Driving  Wheel 
Tiie        10  Wheel  Engine,     a  P.  Co. 


Half  Size  Sections  of 
Worn   Rails    in   Track, 

near  Colfax, 
Measured  April,    1882. 

Sacramento  Div. 
Central  .  Pacific    R.    R. 


"Wearto  April,  1882.    \    Inside 
.A  Iba.  per  yard. 


■  Wear  to  April,  1883. 
8  lbs.  per  yard. 


501b  Scranton,  laid  Oct.,  18T7. 
Inside  6"  Cnrve.  Sta.  2892.  '  Outside  6"  Curve,  Sta,  S 


'"^"^^^'^^  PLATE     LXXII. 

\TRANS.  AM    SOC.  CIV.  ENGRS. 
WeartoApril,  1882.  I  VOL.  XXI.   N9    42  5 

lAlb3.  per  yard.  CURTIS  ON 
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501b  Soranton,  laid  Oct.,  1877. 
Imide  3°  Curve,  Sta.  S8881.  Outside  3°  Curve,  Sta.  2881. 


601b  Troy,  laid  in  March,  1876. 
Outeide  6°  Curve,  Sta.  2798,     Curve,  up  to 
Sept.  1881,  had  I4"  Elev.  pr  Deg. 


601b  Troy,  laid  in  1876,  inside  6"  Curve, 

Sta.  2798. 


601b  French  (A.  F.  T.)  laid  in  1872. 
On  Tangent,  Sta.  2967. 


601b  French,  laid  in  1872.   Outside  10°  Curve 
Sta.  2930. 


601b  Cambria,  laid  in  1874. 
Outside  7=  Curve,  Sta.  2994.  Inside  7"  Curve,    Sta. 


501b  Scranton,  laid  Oct.,  1877. 
On  Tangent,  Sta.  2885. 


c 


(A.  F.  T. , 


601b  French,  made  in  1871,  laid  in  1872 
Inside  10"  Curve,  Sta.  2930. 


601b  French  (A.  F.  T.)  laid 
Inside  8"  Curve,  Sta.  2973. 
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Southern  Pacific  Company. — Service  of  all  New  Numbered  33-inch 
Ground  Cast-iron  Car  Wheels  for  Four  Years,  ending  April 
30th,  1885. 


Total  number  in  servici 4  114 

Passenger  wheels  condemned 1  012 

Freight  wheels  condemned 41 


Total  wheels  condemned 1  053 


Cost  per  wheel 

Cost  per  mile 

Of  wheels  condemned,  35G  or  34  per  cent,  sharp  

Of  wheels  condemned,  144  or  13  per  cent,  worn  out 

Of  wheels  condemned,  5.53  or  53  per  cent,  other  causes. 

Wheels  in  Passenger  Service. 


Of  wheels  condemni'd. 
Of  wheels  condemned. 
Of  wheels  condemned. 


Total 
Mileage. 


56  503  248 
1  762  760 


58  266  008 


20  744  693 

9  366  190 

28 155  125 


343  or  34  per  cent,  sharp. . .  19  904  521 

142  or  14  per  cent  worn  out-.  9  335  564 
527    or  52   per  cent,    other 

causes 27  173  163 


Total  wheels  condemned,  1  Ol'J 


Cost  per  wheel. 
Cost  per  mile. . 


Wheels  in  Freight  Service. 


Of  wheels  condemned. 
Of  wheels  condemned. 
Of  wheels  condemned. 


13  or  32  per  cent,  sharp 

2  or  5  per  cent,  worn  out 

26  or  63  per  cent,  other  causes. 


Total  wheels  condemned,  41 


Cost  per  wheel. 
Cost  per  mile... 


56  503  248 


750  172 

30  626 

981  962 


1  762  760 


Average 
Mileage, 


58  272 
65  013 
50  913 


58  293 
65  743 


55  833 


57  706 
15  313 
37  767 


5.72 
.00016 


$8.72 
.00020 
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Southern  Pacific  Company. — Sejrvice  of  all  New  Numbered  Ground 
AND  Unground  33-inch  Cast-iron  Car  Wheels  for  Four  Years 
ENDING  ApRHi  30th,  1885. 


Total  number  in  service 33  228 

Passenger  wlieels  condemned 3  433 

Freight  wheels  condemned 2  754 

Total  wheels  condemned 6  187 


Cost  per  wheel 

Cost  per  mile 

Of  wheels  condemned,  1  144  or  18  per  cent,  sharp 

Of  wheels  condemned,     492  or    8  per  cent,  worn  out.. . . 
Of  wheels  condemned,  i  551  or  74  per  cent,  other  causes.. 

Wheels  in  Passenger  Service. 


Of  wlieels  condemned, 
Of  wheels  condemned. 
Of  wheels  condemned, 


1  039  or  30  per  cent,  sharp 

387  or  11  per  cent,  worn  out.. 

2  007  or    59    per   cent,    other 

causes. 


Total  wheels  condemned,  3  433 


Cost  per  wheel. 
Cost  per  mile. . 


Wheels  in  Freight  Service. 


Of  wheels  condemned, 
Of  wheels  condemned. 
Of  wheels  condemned. 


105  or  4^per  cent,  sharp 

105  or  4  per  cent,  worn  out 
2  544  or  92    per    cent,    other 
causes  


Totid  wheels  condemned,  2  754 


Cost  per  wheel 
Cost  per  mile. . 


Total 
Mileage. 


200  991  211 
58  137  028 


71  280  087 
32  896  907 
154  951  245 


66  311  981 

27  942  379 


4  968  106 
4  954  528 


48  214  394 


58  137  028 


Average 
Mileage . 


62  308 
66  805 
34  017 


63  823 

72  203 


53  182 
58  547 


47  315 
47  186 


18  9J2 
21110 


$8.54 
.0002C4 


.54 
.000146 


.54 
.000405 
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Southern  Pacefic  Company. — Service  of  all  Old  Numbered  Ground 
33-iNca  C.vsr-iRON  Car  Wheels  for  Four  Years  exdin'g  April 
30th,  1885. 


Total 
Mileage. 

Average 
Mileage. 

Total  number  in  service 5  136 

Passenger  wheels  condemned 

Freight  wheels  condemned 

361 
1  7J9 

13  870  159 
31  388  377 

21  450 

2  110 

45  258  .1.36 

$4.72 
.00022 

Of  wheels  condemned.     188  or  9  per  cent,  sharp... 
Of  wlieels  condimued.     ]2«  or  6  per  cent,  worn  out 
Of  wheels  condemned,  1  794  or  85  per  cent,  other  ca 

uses. 

")Ut.  . . 

auses 

6  503  538 

3  832  441 

31  9J2.557 

34  593 
29  941 
19  406 

44  086 
37  227 

37  223 

38  421 

Wheels  i^  Passenger  Service. 

Of  wheels  condemned,         63  or  17  per  cent,  sharp 
Of  wheels  condomued,         47  or  I'.i  per  cent,  worn 
Of  wht'cls  condemned,       251  or  70  per  cent,  other  i 

2  777  447 
1  749  656 
9  343  056 

Tot,^l  wheels  condemned,  301 

Cost  per  wheel 

13  870  159 

$4.72 
00012 

Cost  per  mile  . 

Wheels  in  Freight  Service. 

Of  wheels  condemned,           125  or  7  per  cent,  sharp 
Of  wheels  coudemued,            81  or  5  per  cent,  worn 
Of  wheels  condemned,       1  54a  or  88    per     cent. 

out., 
other 

3  726  091 
2  Oa2  785 

25  579  501 

31388  377 

29  809 
25  713 

16  577 

17  946 

Total  wheels  condemned,  1  74'.i 

Cost  per  wheel 

$4.72 
000 ''6 

Cost  per  mile 
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SouTHEEN  Pacific  Company.— Service  of  atjL  Nujibered  33-inch  Cast- 
iron  Car  Wheels  for  Four  Years  ending  April  30th,  1885. 


Total 
Mileage. 

Average 
Mileage. 

Total  number  iu  service        38  364 

214  851  370 
89  525  396 

304  376  766 

36  685 

Passenger  wheels  condemned 3  794 

Freight  wheels  condemned 4  503 

Total  wheels  condemned 8  297 

Cost  per  wheel 

$7.57 
.00020 

Cost  per  mile 

Of  wheels  condemned,  1  332  or  16  per  cent,  sharp 

Of  wheels  condemned,     620  or  8  per  cent,  worn  out 

Of  wheels  condemned,  6  345  or  76  per  cent,  other  causes  . 

77  783  625 

36  729  348 

189  863  793 

58  396 
69  241 
29  954 

62  695 
68  415 

51403 

56  629 

Wheels  ix  PASstNGER  Service. 

Of  wheels  condemned,        1  102  or  29  per  cent,  sharp 

Of  wheels  condemned,          434  or  U  per  cent,  worn  out.. 
Of  wheels  condemned,       2  258  or  60    per    cent,     other 

69  089  428 
29  692  U35 

116  069  908 

Total  wheels  condemned,    3  794 

214  851  371 

Cost  per  wheel 

$7.57 
00013 

-Cost  per  mile 

Wheels  in  Freight  Service. 

Of  wheels  condemned,           230  or  5  per  cent,  sharp 

Of  wheels  condemned,           186  or  4  per  cent,  worn  out.. 
Of  wheels  condemned,        4  087   or  91    per    cent,     other 
causes  

8  694  197 
7  037  313 

73  793  895 

89  525  405 

37*801 
37  835 

18  055 

19  881 

Total  wheels  condemned,  4  503 

Cost  per  wheel 

$7.57 
.00038 

Costpermile 
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Southern  Pacific  Company. — 33-ixch  Cast-iron  Car  Wheels.  Ser- 
vice OF  ALL  Numbered  Wheels  for  Seven  Years  ending  April 
30th,  1888. 

New  Wheels,  not  Ground. 

Total  number  put  in  service ;...   45  800 

Total  number  condemned 11  834 

Of  the  number  coudemned,    1  573  were  sbarp,  or 13  per  cent. 

Of  the  number  condemned,    1  194  were  worn  out,  or 10  per  cent. 

Of  the  number  condemned,    9  067  were  on  account  of  other  causes,  or. . .  77  per  cent. 

Total  number  condemned,    11  834 


New  Wheels  Ground. 

Total  number  put  in  service , 12  750 

Total  number  condemned 2  793 

Of  the  number  condemned,     G37  were  sharp,  or 23  per  cent. 

Of  the  number  condemned,     447  were  worn  out,  or 16  per  cent. 

Of  the  number  condemned,  1  709  were  account  of  other  causes,  or 61  per  cent. 

Total  number  condemned,    2  793 


Old  Wheels  GRorND. 

Total  number  put  in  service 5  700 

Total  number  condemned 2  901 

Of  the  number  condemned,     295  were  sharp,  or 10  per  cent. 

Of  the  number  condemned,     208  were  worn  out,  or 7  per  cent. 

Of  the  number  condemned,  2  398  were  account  of  other  causes,  or 83  per  cent. 

Total  number  condemned,  2  901 
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Frederic  A.  Delano,  Chicago,  Burlington  and  Quincy  Railroad. — I 
inclose  herewith  a  brief  paper  on  the  subject  of  rail  sections,  which  gives 
perhaps  as  concisely  as  jDossible  the  views  I  have  arrived  at  on  a  subject 
which  I  have  studied  to  the  exclusion  of  everything  else  for  over  a  year 
and  a  half. 

I  also  send  you  an  engraving  of  a  rail  section,  Fig,  11,  designed  by 
me  last  October  for  an  85-pound  rail,  which  combines  to  the  fullest 
extent  I  was  able  the  qualities  which  I  deemed  essential  to  a  good 
wearing  rail. 


\*-%: 


In  considering  the  question  of  rail  sections,  I  have  thought  that  it 
was  not  simi)ly  a  question  of  mathematics  and  apjilied  mechanics,  but 
one  in  whicli  the  metallurgy  of  steel  and  the  usual  methods  of  manu- 
facture play  an  important  part.  I  am  most  strongly  oiJ^iosed  to  the  type 
of  section  illustrated  by  your  Fig,  2  of  the  standard  for  the  Lehigh  Valley, 
and  of  course  even  more  so  to  the  Cumberland  Valley  section.  Fig.  3, 
and  while  I  like  in  the  main  Mr.  Hawks'  design  for  the  Michigan  Cen- 
tral, I  am  still  inclined  to  think  it  can  be  improved  on. 

I  adopted  in  my  section  a  12-inch  top  radius,  and  five-sixteenths 
corner  radii,  as  I  found  that  rails  on  our  road  usually  wore  to  practically 
tliat  shape  on  tangents, 

I  approve  the  vertical  sides  too  of  Mr.  Hawks'  design,  but  I  think 
his  corner  fillets  on  the  edge  of  the  flange  i^ossibly  a  little  too  small. 

In  regard  to  the  breadth  of  head,  I  have  gone,  as  you  will  see,  a 
little- further  than  Mr,  Hawks, 
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I  agree  entirely  with  the  conclusions  of  the  Committee  on  the  sub- 
jects alluded  to  in  the  first  five  questions  of  the  circular  of  March  18. 
They  are  practically  exactly  the  conclusions  which  I  came  to  after  very 
careful  study  of  the  rails  on  some  500  miles  of  main  line  on  the  Chicago, 
Burlington  and  (^uiucy  Railroad.  In  other  words,  I  think  that  as  the 
wheel  can  roll  only  on  one  diameter,  the  corner  radius  of  the  rail  head 
and  the  fillet  radius  of  the  wheel  should  be  as  dissimilar  as  possible. 

In  regard  to  the  proposition  of  a  flat  rail  top  for  a  cylindrical  wheel 
advised  by  Mr.  Whittemore,  I  do  not  find  it  so  easy  to  come  to  a  decision. 
Mr.  "Whittemore's  paper  suggests  a  very  interesting  problem.  From 
the  consumer's  standpoint,  there  is  only  one  way  in  which  a  flat  topjied 
rail  can  be  jjroperly  rolled,  and  that  is  by  making  the  rail  unsymmet- 
rical,  as  shown  in  the  sketch  inclosed.  Fig.  12,  but  I  am  in  doubt 
whether  the  difference  between  a  curve  of  12-iuch  radius  and  a  curve 


Fig.  12. 


which  the  rail  head  would  assume,  even  though  it  started  flat,  is  sufficient 
to  be  of  very  great  importance.  I  do  not  agree  with  Mr.  Whittemore 
at  all  in  the  idea  that  the  split  heads  have  been  produced  by  the  curve 
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top  of  the  rails,  and  I  inclose  etching  prints,  Plate  LXXIII,  from  several 
pieces  of  56-pound  rail,  which  had  never  been  in  track.  These  pieces, 
as  labeled,  came  from  a  single  rail  of  some  150  feet  length,  rolled  from 
one  ingot,  and  show  very  well,  I  think,  that  the  split  in  the  rail  head  is 
Ijrobably  due  to  an  iucijiient  crack  which  probably  exists  in  some  15  or 
20  per  cent,  of  all  the  rails  in  track.  I  also  inclose  two  other  etching- 
prints  from  rail  ends  near  the  top  and  near  the  bottom  respectively  of 
another  ingot,  which  confirms  the  information  of  the  other  prints.  (Plate 
LXXIII,  Figs.  6  and  7.)  The  recent  criticism  made  by  Mr.  Sandberg 
that  the  flat  top  rail  could  never  be  laid  in  the  track  absolutely  correctly 
so  as  to  have  the  tire  bear  on  all  parts  of  the  flat  surface,  is  a  very  just 
one,  and  the  only  theoretical  difference  I  can  see  between  the  wear  of 
an  absolutely  flat  top  rail  and  a  rail  as  flat  as  a  12- inch  radius,  is,  that 
in  one  case  the  flat  top  rail  would  be  worn  on  each  side  of  the  center  by 
the  wheels,  which  are  necessarily  slightly  hollowed,  while  in  the  other 
case  the  crown  of  the  rail  head  would  be  worn  down  until  it  assumed 
the  shajje  of  the  average  Avheel.  With  rails  of  so  many  different  widths 
of  head,  and  with  the  different  track  gauges  in  use  and  the  differences 
in  wheel  gaiige,  there  is  a  considerable  play  for  the  wheel  on  the  rail, 
and  so  long  as  this  exists  the  wheel  is  bound  to  be  hollowed,  though 
in  this  hollow  there  may  be  a  flat  cylindrical  surface  of  as  much  as  li 
inches  in  width.  I  agree  entirely  with  Mr.  Whittemore  that  the  wheels 
should  be  cylindrical  and  not  coned  in  the  slightest  degree,  and  I  hope 
that  the  Master  Car  Builders'  standard  will  soon  be  modified  in  this 
respect,  and  at  the  same  time  increase  the  throat  fillet  to  f  of  an  inch 
radius. 

Before  closing,  I  must  ask  your  pardon  for  treating  in  too  hurried  a 
manner  so  important  a  subject.  It  is  one  in  which  I  am  very  much  in- 
terested, and  on  which  I  have  spent,  first  and  last,  a  good  deal  of  time. 
On  accoiaut  of  pressure  of  other  work,  I  cannot  devote  to  this  as  much 
time  as  I  should  like,  and  I  am  obliged  to  send  you  this  too  hasty  letter, 
which  sounds,  I  confess,  a  little  egotistical,  or  else  remain  silent. 

The  following  are  extracts  from  the  paper  above  referred  to.* 

"The  designing  of  many  rail-sections  by  engineers  who  are  far  from 
being  exjierts  in  the  metallurgy  of  steel  has  led  to  the  general  accept- 
ance of  erroneous  principles  as  the  rules  for  such  designs.  Until  very 
recently  it  has  been  assumed  that  the  more  metal  there  was  jjut  in  the 
head,  to  Avear  away,  the  longer  tlie  rail  would  Avear;  and  it  has  been  the 
])ractice,  in  adojiting  heavier  sections,  to  put  all  the  additional  weight 
on  top  of  the  rail-head  of  a  very  much  lighter  section.  Careful  investi- 
gation ou  a  number  of  railroads  has  shown  that  of  the  rails  Aveighing  65 
pounds  i)er  yard  and  over,  the  greater  part  have  to  be  removed  after 
com])aratively  trifling  abrasion,  solely  because  they  are  no  longer  fit  for 
a  smooth  track.  This  is  evidence  of  error  in  the  principles  of  the  design 
of  the  section. 

•  Rail  Sections,  by  Frederic  A.  Delano,  Traus.  Am.  Inst.  Mining  Engineers,  Vol.  XA'II. 


From  near  the  top 


of  the  same  ingot. 


From  near  the  bottom 
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"  It  is  generally  admitted  that,  as  a  rule,  rail-sections  designed  since 
1879,  for  rails  of  65  pounds  and  over,  have  not  given  entire  satisfaction. 
Tliere  are  several  reasons  which  may  account  for  this  :  first,  a  constant 
increase,  during  this  period,  of  wheel-lo  ids  on  engines  and  cars,  to- 
gether with  generally  higher  speeds  ;  secondly,  ncAV  methods  in  manu- 
facture, cheapening  the  cost  of  production  and  possibly  producing  an 
inferior  article  ;  thirdly,  mechanical  conditions  in  the  rail  itself,  due  to 
the  slrape  of  the  rail-section. 

"1.  The  first  cause  is  undoubtedly  a  real  one.  I  think  there  is  evi- 
dence that  the  elastic  limit  of  much  of  the  rail-steel  now  in  use  is  often 
actually  exceeded  by  the  strains  of  practice,  causing  a  flow  of  metal, 
which  is  then  abraded  by  the  wheel  flanges.  Granting  the  existence  of 
this  cause,  there  are  two  ways  of  ameliorating  the  result ;  one  is  to  in- 
cr3a8-5  the  bearing-surface  of  wheels  on  rails  ;  the  other,  to  raise  the 
elasti !  limit  of  the  metal. 

.  "  2.  With  regard  to  the  second  cause,  it  is  held  by  many  that  the 
enormous  production,  low  cost,  and  '  improvements '  induced  by  com- 
petition have  involved  inferior  quality  of  product.  Many  well-informed 
men  are  content  to  rest  on  the  simple  assertion  that  the  old  John  Brown 
steel  gave  remarkable  s  itisfaction,  because  it  was  made  of  good  iron  and 
did  not  contain  more  than  .08  per  cent,  of  phosphorus,  any  analysis 
showing  more  being  grossly  inaccurate.  Low  phosphorus  steel  can  be 
made  to-day  with  more  certainty  and  at  less  cost  than  ever  before.  The 
only  question  is,  whether  the  elimination  of  phosphorus  is  going  to  be 
worth  what  it  costs.  The  fact  that  as  many  Bessemer  charges  are  now 
blown  in  one  hour  as  Avere  formerly  blown  in  a  day,  is  pointed  at  as 
evidence  that  the  same  care  cannot  be  given  to  the  operation  ;  but  I 
think  men  really  conversant  with  the  turning-out  of  a  large  product 
Avill  maintain  that  almost  absolute  uniformity  in  the  iron  is  necessary  to 
keep  things  running  Avith  the  clock-work  regularity  reqiiired  for  siich 
a  rate  of  production.  Indeed,  large  product  and  general  smoothness  in 
mill-oi^eration  are,  tj  my  mind,  an  indication  of  a  uniform  product,  so 
far  as  metal  in  the  rail  itself  is  concerned,  and  seem  to  me,  therefore, 
not  objectionable  on  that  score.  With  the  rapid  rolling,  however, 
particularly  the  rapid  blooming  or  breaking-down  of  large  ingots,  I  find 
fault,  as  I  iiave  explained  at  some  length  in  my  former  paper,  already 
cited. 

"3.  That  mechanical  conditions  in  the  rail  itself,  due  to  the  general 
desigQ  of  the  rail  section,  can  have  any  important  effect  on  the  service- 
value  of  rails  has  not  been  generally  admitted,  so  I  wish  to  lay  particular 
stress  upon  this  cause  and  attract  to  it  the  recognition  it  deserves. 
Sp  'aking  in  general  terms,  that  form  of  rail  is,  in  my  opinion,  faulty, 
which  has  a  deep  massive  head,  a  wide,  thin  base  and  a  thin  wel),  con- 
nected to  the  heal  and  the  base  by  small  fillets  only.  The  objection  to 
this  form  and  the  advantages  which  might  be  obtained  by  diS'-rent  pro- 
portions may  be  concisely  enumerated  as  follows  : 

"  rt.  Sucii  a  form  necessitates  rolling  at  a  higher  temperature,  and, 
what  is  of  chief  importance,  finishing  at  a  higher  temperature  than  per- 
mits the  securing  of  a  well-forged,  compact  rail. 

"  i.  This  type  of  section  probably  encourages  the  use  of  a  higher 
percentage  of  manganese  to  reduce  the  number  of  second-quality  rails; 
and  this  production  of  second  quality  rails,  as  well  as  the  additional 
manganese,  figure  in  the  cost  of  the  rails  to  the  consumer. 

"  c.  Rails  with  heads  out  of  proportion  to  the  rest  of  the  section  re- 
quire a  great  de.il  more  cold-straightening,  because  it  is  impossible  to 


272  KEPOKT   ON"    RAILWAY    WHEELS   AXD    RAILS. 

know  how  much  bending  or  camberingr  such  a  rail  needs  in  its  hot  state 
in  order  that  it  shall  cool  straight.  This  is  certainly  a  very  important 
consideration. 

"  d.  The  same  sort  of  disproportion  must  produce  corresponding 
disproiJortions  in  the  rate  of  cooling,  causing  internal  strains  which  are 
only  partly  dispersed  or  eliaced  by  the  small  connecting  fillets. 

"e.  A  section  having  these  internal  strains  exaggerates  the  effect  of 
any  imj^urity  Avhich  may  chance  to  have  segregated  in  the  ingot,  while 
a  section  not  liable  to  these  strains  would  safely  admit  of  a  generally 
higher  carbon  steel  as  well  as  a  considerable  latitude  in  composition. 

■'/.  It  is  not  economical  to  provide  for  an  abrasion  of  some  f  of  an 
inch,  or  even  more,  from  the  top  of  the  rail,  if  it  is  found  that  rails 
generally  fail  long  before  this  amount  has  been  abraded.  Instead  of 
providing  more  height  to  wear  away  we  can  do  better  by  providing 
more  breadth  of  bearing-surface,  and  metal  of  a  higher  resistance  Avithin 
the  elastic  limit. 

"v.  Inasmuch  as  the  funnel-shaped  cavity,  dis-jDersed  blowholes  and 
possible  impurities  exist  in  the  ingot  in  the  axis  of  its  length,  it  follows 
that  these  defects  will  exist  (esjjecially  in  rails  made  from  the  upper 
l^art  of  the  ingot)  on  an  axial  line  which  passes  through  the  rail-section. 
It  follows  that  if  the  rail-section  has  50  to  55  per  cent,  of  its  metal  in  the 
head,  the  poorest  metal  is  inclosed  in  the  head,  where  it  receives  the 
least  amount  of  forging  ;  whereas,  if  the  amount  of  metal  in  the  head 
does  not  exceed  40  to  45  per  cent.,  Ihis  i50or  metal  occurs  in  the 
thoroughly- worked  web  portions. 

"It  seems  to  me  that  rail-sections  should  be  made  to  certain  definite 
proportions,  regardless  of  the  weight  per  yard.  It  is  often  said  that  the 
lai'ger  sections  will  admit  the  rise  of  a  higher  carbon-steel  ;  but  this  as- 
sertion requires  the  proviso  that  the  heavier  section  shall  be  similarly 
proportioned.  One  74-pound  section  Avhich  I  have  in  mind  could  not 
be  safely  made  of  as  high  a  carbon  steel  as  the  62-pound  section  from 
which  it  has  been  schemed. 

"While  I  am  deeply  interested  in  the  recently  published  r( searches 
of  Mr.  D.  J.  Whittemore,  Chief  Engineer  of  the  Chicago,  Milwaukee 
and  St.  Paul  Railroad,  and  agree  entirely  with  him  in  his  conclusions 
that  wheels  should  be  cylindrical  and  the  bearing  surface  should  be  in- 
creased, it  seems  to  me  that  a  rail  head  of  12  inches  radius  is  flat 
enough.  Sin(;e  there  is  a  lateral  play  of  fully  i  an  inch  for  the  avei'age 
car-wheel  on  an  average  track  (not  to  mention  a  4  foot  9  inch  gauge) 
both  the  wheel  treads  and  the  rail  heads  must  wear  to  a  curve.  On  the 
other  hand,  if  the  rail  head  begins  with  a  slight  top-curve,  it  would  take 
no  longer  than  with  the  flat  topped  lail  to  assume  the  ciirve  of  the 
average  wheel. 

"  The  problem  is  to  increase  the  life  of  rails  without  greatly  enhanc- 
ing the  cost.  It  might  be  possible  to  make  a  GO-pouud  rail  of  steel 
worth  .S75  per  ton  give  as  good  service  as  an  85  pound  rail  made  of  S30 
steel  ;  but  the  discovery  would  not  prove  remunerative. 

"With  regard  to  internal  fillets  and  tint  fishing  angles,  I  have  held 
the  extreme  view,  that  the  fillets  should  be  liberal  and  the  angles  of 
enough  slope  (certaiidy  not  h>ss  than  15  degrees),  to  allow  really  colder 
rolling  than  is  anywhere  the  practice  in  this  cox;ntry." 

P,  H.Dudley,  Engineer  of  Tests,  New  York  Central  and  Hudson 
River  Railroad. — The  broad  assumption  in  the  conclusion  of  the  Com- 
mittee as  to  causes  of  i-harj)  flanges  is  not  warranted  from  the  evidence 
submitted. 
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Switcliiug  engines  of  tbe  four  wheel  type  Avitliont  trucks  to  guide 
them  and  having  the  usr.al  flange  play  usually  Avear  the  flanges  of  all 
the  drivers.  Keduce  the  amount  of  flange  ]3lay  to  i  of  an  inch  and  tbe 
flange  wear  of  the  drivers  is  nearly  checked.  This  was  shown  by  lessen- 
ing the  flange  play  of  the  drivers  of  the  switching  engines  in  the  Grand 
Central  Yard  previous  to  the  year  1876,  and  it  has  since  been  continued. 
The  flange  play  on  the  engines  of  the  New  York  Central  has  also  been 
lessened,  the  flange  wear  being  decreased. 

The  majority  of  drivers  of  passenger  locomotives,  with  proper  lead- 
ing trucks,  do  not  wear  the  flanges  of  the  driving  wheels  sharp.  Freight 
car  trucks  with  short  wheel  bases  and  large  flange  play,  have  a  much 
larger  percentage  of  sharp  flanges  than  passenger  coaches  with  longer 
wheel  bases. 

The  flange  play  of  ?  of  an  inch  and  about  i  of  an  inch  of  journal  play, 
is  too  much  for  a  freight  car  truck,  as  it  permits  the  outside  leading 
wheel  flange  of  the  truck  to  impinge  on  the  rail  forward  of  a  perpen- 
dicular from  the  center  of  the  wheel,  and  abrasion  of  wheel  and  rail  takes 
place  ;  the  ratio  increasing  as  the  gauge  Avidens  by  wear  of  wheel  and 
rail. 

The  axles,  instead  of  lunning  parallel  to  the  radius  of  the  curve,  point 
forward  of  its  center. 

If  the  wheel  runs  normal  to  the  curve,  the  abrasion  is  slight  and  the 
lines  can  only  be  traced  on  the  side  of  the  head  of  the  rail ;  if  the  short 
wheel  base  and  flange  play  permit  a  large  angle,  the  abrasion  is  faster, 
the  lines  become  more  distinct. 

On  an  outside  rail  on  a  sharp  curve  tna  heavy  down  grade,  the 
abrasion  is  very  severe  and  rapid,  over  {'^  of  an  inch  being  worn  away 
from  the  side  of  the  head  of  rail  in  nine  months'  service,  the  tonnage 
passing  over  the  rail  being  4  350  000  tons. 

The  experience  with  perfect  wheels,  if  any  exist,  is  very  limited. 
Under  my  own  car,  wheels  with  perfectly  cylindrical  treads  of  exactly 
the  same  diameter  upon  the  same  axle,  in  a  four  wheel  truck,  7-foot 
wheel  base,  have  run  over  100  000  miles  without  showing  any  tendency 
to  sharp  Hanges. 

In  the  six  Avheel  truck,  11-foot  wheel  base,  the  two  outside  pairs  of 
wheels  have  only  i  of  an  inch  play  between  the  flanges  and  rails  ;  these 
have  run  70  000  miles,  the  flanges  are  worn  but  are  not  sharp.  The 
limited  amount  of  play  in  this  long  triiek  was  not  to  prevent  flange 
Avear  but  to  check  the  oscillations  of  the  truck. 

Flange  Avear  causes  ti'aiu  resistance,  cons-equently  increased  coal 
consumption. 

Flat  top  rails  Avere  the  first  used  by  many  American  roads  :  Boston 
and  LoAvell  Eailroad,  Western  Massachusetts  Railroad,  Reading 
Railroad  and  CleA^eland  and  Erie  Railroafl,  and  the  inverted  U  rail  of 
the  Baltimore   and  Ohio  Railroad  ;    somethiag  similar  to  the  type    of 
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rail  with  two  legs  as  suggested  bv  Mr.  Whittemore.  Of  most  of  tliose 
sections  I  have  seen  rails  wbicli  have  been  in  service,  and  all  were  worn 
I'ounding  on  the  head.  It  was  then  deemed  advisable  by  the  civil  en- 
gineers and  rail  makers  to  make  subsequent  rails  with  the  curve  on  top 
when  new.  The  radius  has  been  made  much  too  short,  6  inches  being 
very  common,  until  within  a  short  time.  Exjjerience  has  shown  that  it 
is  advisable  to  lengthen  the  radius  and  at  the  same  time  broaden  the 
head  of  the  rail  to  give  greater  bearing  surfaces  to  both  wheel  and  rail. 
With  the  worn  wheels  Avhich  must  pass  over  these  rails,  experience 
shows  on  the  broad  head  that  it  will  be  some  time  before  the  curve  will 
be  worn  much  longer  than  12  inches  radius  ;  after  more  of  these  broad 
headed  rails  are  in  the  tracks,  the  wheels  will  be  worn  to  a  larger  curve, 
and  then  the  rail  can  be  made  with  a  longer  radius  for  the  curve  on  the 
head  of  the  rail. 

William  Foksyth,  Mechanical  Engineer,  Chicago,  Bui;lington  and 
Qaincy  Railroad. — I  agree  to  the  preliminary  conclusions  relating  to 
wheel  wear,  page  28;  items  2,  3  and  4,  but  not  to  1.  No.  5  ajDplies  to 
chilled  wheels,  not  steel  tires.  The  two  kinds  of  wheels  should  be  con- 
sidered separately.  Soft  tires  will  wear  sharp  flanges  and  have  a  short 
life. 

In  regard  to  rail  wear,  I  inclose  a  letter  from  Mr.  E.  *W.  Penfield, 
who  has  charge  of  our  rail  records,  and  I  give  you  his  opinion  on  this 
subject  in  preference  to  my  own. 

Chicago,  May  1st,  1889. 
AViLLiAM  Forsyth,  Esq.,  Mechanical  Engineer: 

Dear  Sir, — Referring  to  the  circular  sent  out  by  the  American 
Society  of  Civil  Engineers,  March  18th,  which  you  forwarded  to  me 
some  time  since,  I  would  say  that  in  the  main  the  opinions  set  forth  in 
the  Committee's  preliminary  report  are  confirmed  by  my  experience. 

I  inclose  two  different  rail  sections.  Figs.  13  and  14,  taken  from  track 
after  over  seven  and  one-half  years'  wear  and  30  000  000  tons  service,  in 
which  you  will  notice  that  /',(  inches  upi^er  corner  radius  is  a  trifle 
nearer  the  line  than  ^  inch  radius. 

The  vertical  sidos  of  the  head,  I  have,  as  you  know,  advocated  for  a 
long  time.  I  do  not  like  the  small  lower  corner  radius,  except  when  a 
splice  bar  is  to  be  used,  which  latter  I  do  not  think  is  the  best  form 
of  joint.     We  .should  not  deform  the  rail  to  accommodate  the  joint. 

The  deptli  of  the  Michigan  Central' rail  head  is  60  per  cent,  of  the 
width.  If  the  width  was  increased  so  that  the  i)ercent!ige  should  be  55, 
the  head  would  be  improved. 

The  i  inch  fillets  from  the  wel)  to  the  base  and  heal  are  radically 
wrong. 
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In  order  to  avoid  as  mucli  as  j)ossible  internal  strains  in  the  metal  iu 
the  different  parts,  these  fillets  should  be  as  large  as  practicable,  say 
of  5 -inch  radiiis  when  a  splice  bar  is  to  be  used,  or  t-inch  radius  where 


Fig.  13.  Fig.  U. 

some  form  of  finder  joint  is  adopted.     In  which  latter  case  also  the 
ujjper  fishing  angle  might  be  materially  increased  with  advantage 

I  do  not  agree  with  Mr.  Whittemore  concerning  the  flat  top  for  the 
rail,  for  the  following  reasons  :  The  tread  of  the  wheel  always  wears  in  a 
curve,  on  account  of  the  truck  shifting  from  one  side  to  the  other  of  the 
track.  The  longer  the  service  the  more  concave  this  curve.  As  soon  as 
the  tread  commences  to  get  hollow,  the  bearing  on  a  flat  topped  rail 
Avould  be  necessarily  on  one  or  the  other  (or  both) 
of  the  upper  corners  and  not  at  all  in  the  middle, 
and  the  rail  soon  has  a  slight  to^)  curvature.  With 
our  present  system  of  rolling,  the  rolls  are  divided 
in  the  middle  of  the  head,  as  per  sketch,  aid  it 
would  be  difficult  to  have  the  metal  fill  out  the 
section  were  it  not  for  this  slight  curve  on  the  top. 
The  on'y  means  of  avoiding  this  is  by  dividing  the  rolls  at  the  top 
the  same  as  at  the  bottom,  thus  : 
which  would  make  a  one-sided  rail,  one 
of  the  upper  corners  being  square.  This 
Avould    cause     extra    expense    in    laying. 

Also,  I  think  a  12-inch  radius  is  quite  as   \^^^'^'^1J^^C^^^<^^^^ 
good  as  a  flat  top. 

Now  that  the  subject  of  upper  corner 
railius  has  been  acted  upon,  I  hope  that  before  long  the  fillet  radius  of 
the  wheel  flange  will  be  changed  back  to  |  inch,  and  thus  get  all  the 
possible  benefit  from  what  some  have  long  thought  to  be  the  better  lines 
for  adoption.  Yours  truly,  Edward  W.  Penfield. 
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Mr.  George  GiBBs,  Mechanical  Engineer  (Chicago,  Milwaukee  and  St. 
PaulEailroad),  states,  in  addition  to  his  recorded  responses  to  questions 
of  circular,  that  he  considers  that  the  number  of  sharp  flanges  is  consid- 
erably influenced  by  the  contour  of  wheel  tread  and  also  rail  bead. 

He  considers  cylindrical  wheels  undesirable  on  account  of  tendency 
to  flange  wear,  and  absolute  flat  tops  to  rails  as  aggravating  this  tendency 
and  also  defeating  the  object  sought,  of  increasing  contact  area  from 
causes  of  imperfect  surfacing  of  track.  Say,  12-ineh  radius  to  rail  top 
and  same  to  main  portion  of  wheel  tread  he  believes  will  provide  the 
desired  contact  under  practical  working  conditions;  attention  being 
given  to  radii  of  fillet  to  prevent  flange  wear  as  noted. 

Milton  G.  Howe,  M.Am.  Soc.  C.  E. — My  opinion  is  that  the  life 
of  both  wheels  and  rails  would  be  prolonged  if  the  rails  were  made  flat 
on  top  and  the  tread  of  wheels  cylindrical.  The  load  and  wear  would 
be  distributed  over  the  entire  width  of  rail  head  instead  of  a  part  of  it. 
This  condition,  under  the  present  system,  is  only  reached  when  the 
liead  of  the  wheel  is  worn  hollow  to  approximately  fit  the  convex  top  of 
rail.  In  the  meantime  there  is  evidently  unnecessary  wear,  which  is 
objectionable. 

J.  D.  Hawks,  M.  Am.  Soc.  C.  E.— The  Michigan  Central  section  for 
80-pound  rail  embodies  my  idea  as  to  correct  rail  section.  Since  that 
section  was  published  I  have  seen  a  number  of  sections  for  diflfereut 
railroads  practically  like  it,  and  inclose  you  blue  print  of  a  couple  re- 
ceived to-day  from  Colonel  W.  E.  Jones,  of  Carnegie  Bros.* 

It  will  be  seen  from  the  sections  that  the  small  lower  corner  radius  is 
not  objected  to  by  the  mill  people,  as  Colonel  Jones  uses  a  radius  of  -,V 
of  an  inch,  instead  of  three  thirty-seconds,  as  in  the  Michigan  Central 
rail.  I  inclose  j^lan  (Fig.  15)  showing  section  of  old  Canada  Southern  60- 
IJOund  rail,  and  also,  in  dotted  lines,  section  of  a  rail  I  found  in  the 
scrap  pile  the  other  day.  Of  course  it  cannot  be  expected  that  we  shall 
be  able  to  get  any  such  wear  from  all  our  rails.  This  particular  rail  was 
sound  from  end  to  end,  and  no  more  worn  at  the  joint  than  elsewhere. 
The  broad  head  idea,  however,  may  be  carried  too  far  in  this  climate. 

Fig,  16  shows  sections  of  an  old  Michigan  Central  iron  rail  that  made 
trouble  in  winter  by  reason  of  wet  snow  packing  on  the  head  of  rail  and 
lifting  locomotive  truck  wheels  otF  the  track. 

I  see  no  advantage  in  muking  the  rail  top  flat.  The  wheels,  having 
play,  would  soon  round  it  to  al)out  r2-inch  radius.  The  track  of  a 
wheel  is  an  irregular  line  along  the  rail  top,  unless  some  portion  of  the 
top  is  noticeably  higher  than  the  rest.  This  may  happen  by  rail  com- 
ing from  rolls  a  little  full  on  top  (which  is  not  objectionable  if  not  too 


f  These  are  included  iu  the  ilhistratious  of  the  discussion  by  Mr.  W.  B.  Jones,  immedi- 
ately foUowlnR  this  discussion,     (l-'late  LXXIV.)— Ed. 


REPORT   ON    RAILAVAY    WHEELS    AXD    RAILS. 


277 


much  so),  or  by  rail  being  laid  brand  side  in  when  braud  side  should  be 
laid  out,  or  by  changing  rail  from  one  side  of  the  curve  to  the  other. 
In  such  cases  it  takes  some  little  time  to  wear  rail,  so  top  will  wear 
bright  the  full  width,  but  nothing  like  splitting  of  the  rail  follows  ;  in. 


^B%6 


'f 4^1 


Fig.  15. 

fact  I  have  never  seen  a  sound  steel  rail  split  in  a  main  track  projjer. 
We  can  split  rails  for  a  trifling  distance  from  the  end  in  stub  switches 
when  space  at  end  of  rail  is  great,  or  on  our  ferry  boats  where  there  is 
something  of  a  jump  from  the  table  to  the  boat,  but  only  then  after 
long  hammering. 


I  was  on  the  Lake  Shore  and  Michigan  Southern,  when  that  road 
laid  its  first  steel  rail,  and  have  j^aid  particular  attention  to  the  rail 
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question  from  that  day  to  this,  and  with  the  same  conditions  before  me, 
as  mentioned  by  Mr.  Whittemore,  I  draw  an  entirely  different  con- 
clusion. A  faulty  ingot  may  produce  a  rail  that  will  not  show  a  defect 
for  years,  but  the  defect  is  there,  and  when  the  rail  is  sufficiently  worn 
or  unusually  strained  the  defect  will  show. 

I  probably  have  had  as  much  trouble  with  soft  rails  as  any  one,  but 
can  say  that  with  the  softest  of  the  "pewter  rails,"  the  ends  did  not 
split  even  when  mashed  down  a  |-inch.  It  was  a  very  serious  matter 
when  rails  were  giving  oiit  inside  of  a  year  with  reasonable  usage  by 
reason  of  being  too  soft,  but  our  trouble  from  that  source  is  happily 
ended.  We  have  been  using  the  long  six  hole  angle  splice  for  five  years, 
and  during  that  time  have  not  taken  out  a  rail  because  of  battered  end 
when  the  long  splice  was  used. 

Breaking  at  the  bolt  holes  is  also  a  thing  of  the  past  with  joints  laid 
with  the  long  splice,  and  split  rails  are  now  few  and  far  between  as  com- 
pared to  ten  years  ago.  I  believe  there  is  no  more  theory  about  track 
work  than  about  medicine,  and  so  do  not  claim  the  above  facts  prove 
that  the  long  splice  is  entitled  to  the  whole  credit  for  the  different  be- 
havior of  rails  during  the  past  five  years.  I  think  the  splice  has  some- 
thing to  do  with  it,  but  believe  the  rail  men  are  making  better  rails. 

Some  years  ago  I  was  led  astray  by  the  theory  that  a  wheel  should 
fit  the  rail,  and  so  fitting  would  lessen  the  number  of  sharp  flanges.  I 
first  discovered  there  must  be  something  Avrong  with  the  theory  when  I 
found  sharp  flanges  only  on  one  of  the  wheels  on  an  axle,  never  on 
both.  I  then  had  holes  cut  in  the  floor  of  my  car  over  the  wheels  and 
window  glass  fitted  to  them  to  keep  out  dust,  and  spent  many  hours 
watching  the  action  of  wheels  on  the  rails,  and  my  conclusion  is  that  the 
^-inch  radius  for  top  corner  of  rails  Avill  not  hurt  the  wheels  and  will 
give  us  a  considerable  addition  to  the  "  precious  metal,"  on  the  rail  top, 
also  that  the  rail  wears  much  faster  after  it  fits  the  wheel  than  before. 

WiLiiiAM  R.  Jones,  General  Siiperintendent  Edgar  Thomson  Steel 
Works. — I  pass  over  the  first  six  interrogations  of  the  circular  and  the 
one  marked  "A,"  and  consider  the  questions  as  being  strictly  in  the 
province  of  railroad  ofiicials. 

From  the  manufacturers'  standpoint,  I  would  urge  that  the  12-inch 
top  radius  be  adopted.  It  is  a  difficult  matter  to  roll  flat  heads  and 
get  smooth  surface,  and  also  a  difficult  matter  to  maintain  a  reasonable 
height  in  section  of  rail.  The  standard  practice  in  mills  is  when  new  rolls 
are  prepared  to  have  height  of  rail  uV  of  an  inch  less  than  templet, 
and  when  rolls  are  dressed  in  order  to  insure  smooth  heads  the  height  of 
section  is  gradually  increased,  and  the  limits  in  height  of  section  from  a 
set  of  rolls  is  represented,  at  first  by  section  being  ,n-  of  an  inch  low,  and 
the  ultimate  height  -^r-s  of  an  inch  higher  than  templet.  With  the  12-inch 
radius  as  rolls  are  dressed,  and  as  each  dressing  will  represent  a  reduc- 
tion of  i  of  an  inch  in  diameter,  that  part  of  the  roll  forming  top  of  head 
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must  be  turned  smooth,  and  the  12-inch  radius  in  the  top  of  head  helps 
to  comijensate  for  metal  turned  off  rolls,  in  dressing.  I  ai:>pend  draw- 
ing, Plate  LXXIV,  showing  the  section  of  rail  in  the  pass  before  the  fin- 
ishing pass,  -which  is  technically  termed  the  leading  pass,  and  also  of 
the  finishing  pass. 

A  is  the  section  of  rail  in  leading  pass. 
B  section  of  rail  in  finishing  pass. 
C  is  cold  or  finished  section. 

I  give  the  figures  in  Avidth  of  flanges  and  height  of  rail,  to  show  the 
allowance  we  make  in  finishing  pass  for  shrinkage.  You  will  notice 
that  the  head  of  rail  in  A  has  a  decided  l)evel.  This  is  done  so  that  as 
rolls  are  reduced  in  diameter  we  can  smooth  that  i^art  of  the  roll  that 
forms  the  head  which  is  so  essential  to  get  smooth  rails.  As  a  maker  of 
rails  I  would  strongly  urge  the  adoption  of  the  12- inch  radius. 

The  question  of  veitical  sides  is  a  debatable  one.  I  Avould  say  to 
those  roads  where  tangents  are  the  rule  and  curves  the  excei^tion 
and  of  great  radii  that  straight  sides  are  admissible,  but  on  roads 
where  curves  are  the  rule,  and  tangents  almost  unknown,  tlien  sides  of 
heads  Avould  better  be  made  with  at  least  a  4-degree  angle.  Drawings 
D  and  E,  Plate  LXXIV,  of  rails  in  Pennsylvania  Railroad  track,  on  the 
Brinton  curve,  fchow  the  form  of  head  assumed  by  wear  of  rail. 

The  small  lower  corner  radius  is  essential,  in  order  to  get  all  the 
bearing  possible  for  fish-bars.  The  addition  of  metal  by  reason  of  small 
'  radius  in  corner  is  an  infinitesimal  iJercentage  in  weight  of  rail,  but  is  a 
large  percentage  in  bearing  surface  for  fith-bars.  As  a  rule,  the  fish- 
bar's  bearing  on  the  under  side  of  head  has  been  totally  inadequate,  and 
fish-bars  have  been  of  the  most  trifling  character,  considering  the  im- 
portant relation  they  bear  in  maintaining  a  good  roadway. 

The  broad,  shallow  head  I  consider  a  decided  step  in  the  right  direc- 
tion. The  mistake  of  the  past  has  been  in  massing  metal  in  vertical 
section  of  head.  The  testimony  is  that  the  original  60- pound  section 
Pennsylvania  Railroad  standard,  has  worn  far  better  than  the  67-pound 
section  of  the  same  road.  I  receive  the  same  testimony  from  other  rail- 
way oflicials  who  have  used  the  two  sections.  I  also  apjfend  drawings  B" 
and  6r,  Plate  LXXIV,  showing  the  difference  in  metal  in  head  of  the 
two  sections. 

It  is  a  fixed  rule  in  mechanics  that,  where  we  find  any  part  of  machin- 
ery that  wears  too  fast,  we  endeavor  to  remedy  the  evil  by  increasing  the 
wearing  surface. 

One  of  the  greatest  evils  we  have  to  contend  with  in  rolling  rails  is 
the  unequal  distribution  of  metal,  requiring  the  rails  to  lie  curved  when 
hot  to  allow  for  shrinkage,  owing  to  the  mass  of  metal  in  the  head  and 
the  sometimes  wonderfully  thin  flanges  and  webs. 

I  would  remark  that,  when  wonderful  records  of  rails  are  poured  into 
the   manufacturer's  ears,  the  sections  of  such  rails  do  not  show  deep 
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heads,  thin  webs  and  thin  flanges,  but  on  the  contrary  they  represent 
rails  where  the  metal  was  well  and  equally  distributed.  lu  connection 
with  this  subject,  I  was  informed  by  Mr.  Gunn,  Engineer  of  the  Ken- 
tucky Union  Railway  Comjiany,  that  rails  that  this  Company  had  fur- 
nished to  the  Cincinnati  Southern  Railway  Company  had  been  remoyed 
from  the  track  not  because  the  head  had  worn  out,  but  because  the 
flanges  had  worn  out,  and  became  so  thin  that  the  rails  were  too  weak 
for  safety.     Here  is,  to  me  at  least,  a  new  deyelopment. 

I  append  drawing  //,  Plate  LXXIV,  showing  a  section  of  rail  taken 
out  of  track  of  Baltimore  and  Potomac  Railroad  for  the  same  reason, 
which  shows  the  wear  on  flanges.  I  have  prepared  for  Mr.  Richards, 
Assistant  Chief  Engineer,  Pennsyhania  Railroad,  two  designs  of  85- 
pound  sections  and  tAyo  designs  of  90-pound  sections,*  Figs.  J,  K,  L,  M, 
Plate  LXXIV.  It  will  be  observed  that  I  have  a  broad,  comparatively 
shallow  head,  good  wide,  heavy  flanges  and  strong  webs.  These  large 
sections  admit  of  this.  The  edges  of  flanges  are  square,  Avith  slight 
radii  on  corners.  The  object  of  square  edge  of  flanges  is  to  give  the  best 
attainable  contact  surface  for  spikes.  The  rounded  edges  soon  Avear  into 
spikes,  thus  allowing  rails  to  sj^read  the  amount  represented  by  Avear  in 
flanges  and  sj^ikes.  This  form  of  flange  Avill  reduce  this  evil  to  the 
minimum. 

I  do  sincerely  hope  that  your  Society  may  be  able  to  formulate  a 
series  of  standard  sections  and  recommend  their  adoption.  It  Avill  se- 
cure better  Ayork  at  the  mills,  for  AvherenoAv,  oAAing  to  the  many  and 
Avonderfully  and  fearfully  constructed  sections,  Ave  are  compelled  to  keep 
a  ten-acre  lot  full  of  rolls,  we  could  aiford  to  keeia  duplicate  rolls,  Or 
even  triplicate  rolls  of  each  standard  section.  Then  mills  could  aflford 
to  carry  a  stock  of  standard  rails  subject  to  immediate  shipment  Avhen 
necessary . 

Pardon  me  for  speaking  on  one  important  subject:  The  rolling  of 
steel  at  the  loAvest  possible  temperature  has  many  Avarm  advocates. 
Conceding  that  many  mills  roll  too  hot,  yet  it  must  be  borne  in  mind 
that  there  are  six  mills  which  noAv  roll  rails  at  the  loAvest  heat  possible. 

WAiiTER  Katte,  M.  Am.  Soc.  C.  E. — I  am  not  inclined  to  admit  the 
conclusion  that  the  tendency  to  "  sharp  flange  "  is  a  natural  phenomenon 
existing  in  all  perfectly  running  Avheels,  but  am  rather  of  the  opinion 
that  it  results  very  largely  from  some  imperfection  in  the  Avheels  them- 
selves ;  probably  to  a  very  large  extent,  Avheels  out  of  true  circle,  not 
regular  in  the  profile  contour  of  their  flanges  and  treads  and  being  set 
"  out  of  square"  in  their  truck  frames. 

The  i^resent  standard  80-pound  rail  of  the  Ncav  York  Central  and 
Hudson  River  Railroad,  of   Avhich  I  inclose  a  cross  section    (Fig.  17), 

♦The  diflference  between  the  two  85  and  90  pound  sections  is  in  the  angle  of  sides  of 
lioad  and  radii  of  fillets  connectiu;,'  web  and  flanges. 


J.       No,l      90  LBS. 

Head  40,56  per  ceut 
Web    22,61 
Flange  36,83        " 

,-  - sif 


L.     No.I.     85LBa. 

Head  43,08  per  cent 
Web     22,56        "    - 
Flange  34,36 


Head   43,72  per  cent 
Web     21,92 
Flange  34,36 


I 
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lias  a  to])  width  of  2-nr  inches  sides,  including  outward  inclination  of 
-rii  inch  on  each  side,  makes  the  width  at  liottom  of  head  2x|- inches, 
with  a  head  depth  of  l^f  inches.  This  rail  is  giving  very  satisfactory 
results  under  excei^tionally  heavy  traffic. 

I  regard  the  entirely  flat  top  as  the  theoretically  correct  form,  but 
necessarily  with  it  must  be  used  cylindrical,  not  coned  wheel  treads  ;  but 
until  all  coned  wheels  are  withdrawn  from  the  service  I  think  the  12- 
inch  top  radius  must  be  maintained. 

I  do  not  advise  recommending  an  entirely  flat  top  until  all  coned 
wheels  have  gone  out  of  the  service. 

I  would  furthermore  add,  that  for  the  purpose  of  obtaining  such  re- 
sults as  I  could  from  observations  upon  the  rails  and  wheels  of  the  New 
York  Central  and  Hudson  River  Railroad  and  the  West  Shore  Railroad, 
I  addressed  the  following  list  of  inquiries  to  William  Buchanan,  Esq. , 
Superintendent  Motive  Power,  New  York  Central  and  Hudson  River 
Railroad;  J.  M.  Boon,  Esq.,  Suiierinteudent  Motive  Power,  West 
Shore  Railroad  ;  William  D.  Otis,  Esq.,  General  Roadmaster,  New  Y''ork 
Central  and  Hudson  River  Railroad. 

First. — What  is  the  percentage  of  wheels  taken  out  of  service  for 
"sharp  flange"  as  compared  with  removals  for  all  other  defects,  of  all 
classes  of  rolling  stock,  since  the  adoption  of  the  present  standard  65 
and  80-pouud  steel  rails  ? 

Second. — What  was  the  same  percentage  prior  to  the  adoption  of  these 
rails  ? 

Third. — Do  your  observation  and  records  show  that  the  present  rail 
shapes  (that  is  ' '  sharp  corners  "  and  nearly  flat  "  tojjs  ")  are  more  (or  less) 
jiroductive  of  "sharp  flange"  and  "hollow  tread"  in  the  wheels  than 
the  older  and  more  rounded  heads? 

In  rejDly  to  which  Mr.  Buchanan  answered  as  follows  : 

"  In  reply  to  yours  of  December  12th,  will  say  that  the  percentage  of 
wheels  taken  out  of  service  for  sharp  flanges  as  compared  with  the  re- 
moval for  all  other  defects  of  all  classes  of  rolling  stock  since  the  adoption 
of  our  present  standard  of  65  and  80  pound  rail,  is  10.56  per  cent,  and 
the  percentage  prior  to  the  adoption  of  these  rails  was  13. 14  i^er  cent. 
My  observation  and  records  would  indicate  that  the  present  rail  shajie 
'  sharp  corners '  and  nearly  flat  top  is  less  productive  of  hollow  treads 
in  the  wheel  than  the  older  and  more  rounded  heads. 

"It  is  my  opinion  that  the  shajse  of  the  corner  of  the  rail  has  but  little 
bearing  upon  the  subject.  Sharp  flanges  are  seldom  found  on  two  wheels 
that  are  on  the  same  axle  ;  they  are  more  generally  caused  by  trucks 
being  out  of  square,  'not  true,'  also  wheels  of  different  diameters  being 
on  same  axle,  as  well  as  curvature  of  the  road." 

Mr.  Boon  answers  as  follows: 

"In  answer  to  your  inquiry:  the  average  of  wheels  removed  for 
sharji  flanges  is  about  20  per  cent,  of  the  removals  from  all  causes.  In 
my  opinion  the  throat  of  the  flange  should  be  made  to  conform  to  the 
shape  of  the  head  of  the  rail;  or,  in  other  words,  the  radius  of  the  curve 
of  the  corner  of  rail  and  throat  of  flange  should  be  the  same.     If  they 
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are  not,  the  flange  will  wear  to  fit  tlie  rail.  This  wearing  will  of  course 
be  a  loss  to  both  rail  and  wheel.  Some  years  ago  I  fitted  up  a  lot  of 
wheel  chills  for  a  foundry.  We  had  wheels  with  different  radius  of 
throat  to  rail  corner.  I  made  templates  and  watched  result.  In  every 
case  the  wheel  was,  in  a  short  time,  to  the  radius  of  the  corner  of  rail 
head.  I  believe  it  makes  but  little  difference  in  the  wear  of  either  wheel 
or  rail  whether  the  corner  of  the  head  of  rail  be  large  or  small  radius 
l^rovided  the  curve  is  the  same  on  both.  I  furthermore  believe  that  the 
shape  of  the  head  of  the  rail  has  but  little  to  do  with  the  making  sharp 
flanges.  If  it  had,  when  one  wheel  on  an  axle  showed  a  shar})  flange, 
both  wheels  should  show  the  same  defects.  As  a  matter  of  fact,  they  do 
not.  One  wheel  will  be  sharp  flange  and  almost  invariably  the  opposite 
wheel  will  show  a  full  flange — showing  the  sharp  flange  was  caused  by 
defect  in  wheels  or  truck.  When  both  wheels  have  sharp  flanges,  it  will 
be  found  that  they  are  too  wide  in  the  gauge,  the  flanges  wearing  sharp 
from  being  forced  between  the  rail  by  the  weight  on 
them.  We  occasionally  have  a  sharp  flange  on  a  steel-tired  777/7///////////A 
engine  truck  or  car  wheel.  They  will  be  worn  this  shape:  /^''''''^^ 
the  throat  of  the  tire  worn  to  the  same  curve  as  corner  of  ^ 
rail  head.  We  put  this  wheel  in  lathe  and  turn  to  this 
shape :  do  not  turn  out  the  point  where  the  corner  of  rail  head  had 
worn.  I  have  placed  wheels  treated  in  this  way  in  front 
of  engine  truck  on  West  Shore  engines  and  watched 
them.  In  about  one  year  it  would  be  the  same  as  oppo- 
site wheel.  Now  if  the  rail  had  worn  this  sharp  flange 
in  the  first  place,  why  should  it  not  continue  to  wear  sharj? 
when  it  had  no  protection  at  all,  but  merely  an  |  or  \  inch 
raise  on  tire  at  outside  edge  of  throat?  Again,  on  the  sharjj  curves  of  the 
Wes:;  Shore  if  the  rails  wore  the  flanges,  our  driving-wheel  flanges  would 
wear  sharp.  In  fact  they  do  not.  I  do  not  know  when  I  have  seen  a  sharp 
flange  on  one  of  oiir  driving-wheels,  and  they  all  come  here  for  turning. 
Occasionally  we  see  one  of  the  flanges  showing  signs  of  wear  on  one  side 
of  engine  or  one  on  each  side  on  diff"erent  axles.  We  know  then  that 
the  engine  is  out  of  square  or  the  distances  between  wheel  centers  is  not 
exactly  the  same.  This  is  corrected  and  the  wear  of  flange  stops.  The 
trouble  we  have  on  West  Shore  is,  the  flange  becomes  heavier  and 
closes  up  the  garfge.  Sharp  flanges  are  caused  by  wheels  of  unequal 
diameter  on  same  axle,  one  wheel  wearing  faster  than  the  other;  trucks 
being  out  of  square;  center  pin  being  out  of  the  center;  distance 
between  wheel  centers  not  being  the  same;  side  bearings  being  fast,  not 
permitting  truck  to  curve.  The  great  number  of  sharp  flanges  are 
found  on  freight  equipment,  the  trucks  of  which,  as  a  general  thing,  are 
too  light  for  the  work,  of  poor  design  and  construction.  Locomotive 
and  passenger  equi])ment  furnish  the  least  sharp  flanges,  because  the 
trucks,  etc.,  are  of  better  design  and  construction." 

Mr.  Otis  replies  through  his  road  engineer,  Mr.  George  E.  Huse,  as 
foUows: 

"  My  own  observation,  and  conversation  with  different  road-masters 
on  the  line,  give  evidence  of  the  superior  qualities  of  the  old  'English' 
rail,  but  whether  due  to  the  quality  of  rail  steel  or  the  form  of  head 
I  cannot  say,  but  I  think  much  the  most  is  due  to  the  quality  of 
the  metal  and  manner  of  working.  I  have  bean  much  interested  of"  late 
in  some  articles  in  the  Engineering  News  relative  to  the  effect  upon  the 
wheel  tread  and  flange  of  the  two  styles  of  rail  head.     The  sharper 
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cornered  and  flat-top  rail  seems  to  make  the  Lest  showing  so  far  as  wear 
of  wheels  is  concerned,  and  jolates  of  both  sections  of  rail  worn  down 
correspond  very  closely  in  wear,  while  the  flange  shows  worn  sharper 
with  the  round  head  than  with  the  flat."  Mr.  Otis  adds  "  that  he  does 
not  think  that  round  heads  wear  as  fast,  especially  on  curves." 

These  rejjlies  I  submitted  to  the  review  of  Mr.  Theodore  Yoorhees, 
M.  Am.  Soc.  C.  E.,  Assistant  General  Superintendent  New  York  Central 
and  Hudson  River  Railroad,  which  he  gives  in  the  following  words: 

"In  reference  to  inclosed  letters,  I  beg  to  indorse  Mr.  Buchanan's 
statement  in  full.  I  do  not  fullv  agree  with  Mr.  Boon,  inasmuch  as  I 
believe  we  get  best  results  from  a  rail  with  a  sharp  corner  in  the  head, 
not  necessarily  the  same  as  the  angle  of  the  flange  of  the  wheel.  In 
other  words,  would  prefer  the  wheel  and  rail  should  not  exactly  fit." 

In  conclusion,  therefore,  I  would  say  that  the  final  result  I  have 
arrived  at  in  my  own  mind  after  a  very  careful  study  of  all  that  has  been 
said  and  written,  together  with  my  own  observations  and  ex^Derience  on 
this  subject,  is  that  the  true  theoretical  form  of  the  "relation  of  wheels 
and  rails  "  is  that  of  a  cylinder  rolling  on  a  plane,  which,  reduced  to 
practical  form  to  give  the  best  economical  results,  is  the  following: 
Wheel. — Cylindrical  tread. 

riUet  radius,  not  less  than  J  inch. 
Rail. — Flat  top,  ultimately,  12  to  14  inches  radius  for  the  present. 
Top  corner  radii  not  to  exceed  J  inch. 

Width  of  head  as  large  as  it  can  be  made  within  the  limits  of 
l^erfect  rolling,  and  not  deeper  than  1^  to  If  inches  for  an 
80-pound  rail. 
Stem  not  less  than  ^  to  f  of  an  inch. 
Width  of  base,  not  less  than  the  height. 

Thickness  of  the  edges  of  the  bottom  flange  not  less  than  i 
inch,  and  for  80-pound  rail  -iV  or  even  f  of  an  inch  is  not 
too  much. 

OiiiN  H.  Landreth,  M.  Am.  Soc.  C.  E.— Sharp  flanges  are  not  elimi- 
nated by  any  form  of  wheel  or  rail  under  discussion. 

I  do  not  consider  that  the  statistics  presented  warrant  the  conclusion 
as  a  general  rule  "that  when  the  wheel  is  sound  and  the  quality  even, 
about  one-half  the  wheels  get  sharp  flanges." 

I  consider  "that  wheels  which  fail  from  flange  wear  are  among  the 
most  durable,  if  not  the  most  durable,  approximating  if  not  exceeding 
the  life  of  those  which  fail  from  long  continued  tread-wear  alone,"  but 
I  do  not  consider  that  this  fact  warrants  the  further  conclusion  that 
"no  appreciable  money  loss  results  from  wheels  running  to  flange 
instead  of  failing  from  tread-wear  only,  since  the  money  loss  incurred  is 
not  limited  to  wheels  withdrawn  on  account  of  sharp  flanges,  but  includes 
the  following  losses:  1st.  The  loss  of  the  remaining  unknown  life  or 
mileage  of  the  wheel  withdrawn  for  sharp  flange.  2d.  The  loss  due  to 
side  rail-wear  corresponding  to  flango-wear.     3d.  The  loss  due  to  tread- 
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wear  of  three  wheels  of  the  truck  caused  by  lateral  sliding  friction  due 
to  the  tendency  to  run  to  flange.  4th.  The  loss  due  to  lateral  top  rail- 
wear  corresponding  to  3d.  5th.  A  loss  due  to  motive  power  expended 
in  producing  the  wear  of  items  1st,  2d,  3d  and  4th. 

While  I  am  not  i^repared  to  reject  as  untrue  the  fact  "  that  the  rate 
of  wheel  wear  grows  very  materially  greater  as  the  rail  corner  is  rounded 
off  to  fit  the  flange,"  I  still  consider  that  the  data  and  facts  presented, 
as  well  as  my  own  observation,  leave  the  truth  of  this  proposition 
unproven.  My  reasons  are — first,  I  have  plotted  the  values  of  the  ton- 
nage and  rate  of  rail-wear  given  in  Tables  Nos.  8  and  9,  and  they  show 
such  large  discrepancies  between  individual  results  as  to  attach  great 
uncertainty  to  the  slight  tendency  observed  toward  an  increase  of  rate 
of  wear  with  increased  age — e.  g.,  the  plotted  curve  of  wear  on  tangents 
and  on  3-degree  cui^ves  shows  discrepancies  so  great  as  entirely  to  mask 
any  tendency  in  either  curve  toward  an  increase  or  a  decrease  of  rate  of 
wear  with  age.  The  curves  of  wear  for  1-degree  and  4- degree  curves 
show  tendencies  to  increase  of  rate  of  wear  on  a  portion  of  each  curve 
and  eqiTal  tendencies  to  decrease  of  rate  on  equal  portions  of  the  curves. 
The  plotted  curve  of  wear  for  5-degrees  curvature  shows  a  tendency  to  a 
decrease  of  rate  of  wear  with  age,  and  the  curve  for  6  degrees  shows  a 
tendency  to  increase  of  rate.  Second — Even  if  the  slight  tendency  to 
increase  where  shown  could  be  accepted  as  conclusive,  this  could  easily 
be  accounted  for  by  the  wearing  through  of  the  hardened  skin  covering 
the  rail,  since  its  existence  is  well  known,  and  since  there  is  no  tendency 
to  a  decrease  of  wear  with  age  shown  by  the  plotted  curve  of  wear  on 
tangents;  this  does  not  therefore  disprove  the  existence  or  effect  of  the 
hardened  skin,  as  is  claimed  in  the  last  sentence  on  page  30  of  the  pre- 
liminary report. 

I  consider  that  flat-top  rails  (flat  when  laid)  would  be  "likely  to 
be  effective  in  reducing  rail-wear,"  but  I  do  not  "  advise  recommending 
an  entirely  flat  top,"  because  I  believe  that  would  be  overdoing  the 
proper  remedy,  and  would  not  insure  so  low  a  rate  of  wear  as  a  rail-top 
having  a  radius  of  curvature  greater  than  14  inches,  but  not  entirely  flat. 
My  reasons  are  based  on  the  following  considerations,  which  are  con- 
fined to  top  rail-wear  alone,  and  exclude  side  rail-wear  as  in  no  way 
effecting  the  special  question  of  top  curvature.  When  a  rail  has  worn 
to  a  permanent  form  of  curvature  it  has  reached  a  condition  of  nearest 
possible  approach  to  a  iiniform  distribiition  of  wheel-load,  and  hence  the 
lowest  maximum  wheel-pressure  across  the  rail-top,  and  therefore  has 
attained  its  minimum  rate  of  wear.'  Could  a  rail  have  been  given  at 
first  a  curvature  which  should  remain  permanent  in  radius,  it  would, 
therefore,  insure  a  minimum  rate  of  wear  throughout  the  life  of  the  rail, 
Such  a  curve  should  be  sought,  and  when  determined  should  be  adopted 
in  the  manufacture  of  the  rail.  A  top  curve  which  should  remain  per- 
manent throughout  the  life  of  the  rail  would  doubtless  difter  from  the 
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isermanent  curve  assumed  by  a  rail  that  had  worn  to  its  permanent  form 
from  a  curvature  originally  sbarj^er  or  flatter,  since  the  form  of  the  orig- 
inal curve  would  effect  the  form  of  the  tread-wear  of  the  wheels  rolling 
on  it,  and  this  form  of  tread-wear  would  in  turn  effect  and  determine 
the  form  of  the  ultimate  curve  assumed  by  the  rail-top.  Car  wheels 
rolling  over  rails  ranging  in  original  curvature  from  6  to  10  inches  top 
radiiis  ultimately  wear  all  rails  on  which  they  run  to  an  average  top 
radius  of  about  14  inches  on  tangents  and  about  10  inches  on  curves. 
Were  all  rails  of  a  system  laid  originally  flat  and  all  car  wheels  running 
over  them  originally  c^^lindrical,  it  appears  impossible  to  escape  the 
conclusion  that  the  rails  would  ultimately  wear  to  a  curved  form  and 
that  the  permanent  curve  assumed  would  be  flatter  in  curvature  than  if 
the  rails  had  been  laid  with  the  usual  6  to  lOinch  radius.  The  grounds 
for  these  conclusions  are  : 

First. — It  would  be  impossible  to  lay  rails  or  mount  wheels  or  main- 
tain either  so  truly  as  to  inspire  a  uniform  bearing  of  the  cylindrical 
wheel  on  the  flat-top  rail;  owing  to  this,  there  would  result  an  aug- 
mented wheel-pressure  and  an  augmented  wear  toward  either  one  edge 
of  the  rail  or  the  other,  or  both  edges  successively,  according  to  the 
condition  and  rigidity  of  the  rail  fastenings,  and  a  curved  form  of  the 
rail-top  would  result. 

Second. — Even  were  this  impossible  uniformity  of  wheel  jjressure 
across  the  rail  attainable,  the  different  po;:tions  of  the  rail-toja  are  not 
equally  strong  against  wear  under  heavy  compression;  the  portions  near 
the  edges  having  less  metal  outside  them  would  be  deformed  under  lighter 
pressures  than  the  central  portions,  and  the  same  effect,  namely,  a 
curved  rail-top,  would  be  the  result. 

Third. — The  curve  thus  produced  would  graduallj'  become  sharper 
until  a  permanent  form  should  be  reached,  which,  however,  would  be 
flatter  than  if  the  rail  had  been  laid  with  the  iisual  curvature  of  6  to  10 
inches  radius,  since  the  wheels  starting  originally  w^ith  straight  cylin- 
drical treads,  and  being  worn  more  by  the  outer  portions  of  the  rail-toi) 
than  by  the  inner,  would  remain  straight  across  the  tread,  or,  if  worn 
curved,  would  assume  a  flatter  curve  than  if  the  rails  had  been  laid  with 
the  usual  shares  top  curve;  hence  the  permanent  curve  assumed  by  the 
rail — which  is  dependent  on  the  curve  of  the  wheel-tread — would  also  be 
flatter  than  the  permanent  curve  which  the  rail  would  have  assumed  had  it 
been  laid  with  the  usual  sharp  curve — /.  e.,  the  iiermauent  curve  would 
be  flatter  than  14  inches  on  tangents  or  10  inches  on  carves.  The  exact 
value  of  this  radius  it  is  impossible  to  determine  in  the  absence  of  expe- 
rience with  flat-toj)  rails,  but  it  is  hardly  probable  that  it  would  be  less 
than  20  inches  under  ordinary  conditions  of  track,  or  30  inches  where 
unusual  precision  in  track-layiug  or  great  rigidity  of  rail-fastenings 
should  exist.  If  now  a  rail  of  6  to  10  inches  original  radius  wears  flatter 
and  assumes  a  permanent  curve  of  about  14  inches  radius,  and  a  flat-top 
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rail  wears  sharper  and  assumes  a  permanent  curve  of  from  20  to  30 
inches,  say  25-inch  radius,  it  follows  that  the  ciirve  sought,  viz. ,  one  that 
would  wear  neither  flatter  nor  sharper,  should  have  an  original  curve 
radius  of  between  14  and  25  inches;  the  precise  value  of  this  "radius  of 
no  variation,"  while  falling  between  the  above  limits,  could  be  precisely 
determined  only  by  exi^erience.  I  am  strongly  inclined  to  the  opinion 
that  rails  laid  with  such  a  top  curve — i.  e.,  one  of  aboiit  20  inches  radius — 
would  result  in  a  lower  rate  of  top  rail-wear  than  either  of  our  i^resent 
forms  or  Mr.  Whittem ore's  proposed  flat-toiJ  rails,  and  would  give 
eqiially  low  rates  of  side  rail-wear. 

Mr.  Sandberg  objects  to  the  flat-toi>  rail  from  the  "producers'  point 
of  view,"  for  the  following  two  reasons: 

1st.  The  heads  of  flat-top  rails  would  be  more  i^orous  than  curve  top, 
because  the  flat  top  necessitates  less  i^ressure  or  work  in  the  last  roll- 
groove,  and  hence  less  closer  grained  than  the  curved  top. 

2d.  The  heads  of  flat-top  rails  would  not  deliver  so  well  from  the 
rolls,  and  more  "wasters"  would  be  the  result. 

The  first  objection  appears  to  me  to  touch  the  true  root  of  the  evil  of 
imdue  rail-wear,  viz.,  a  lack  of  density  and  hardness  in  the  heads,  but 
should  not  be  directed  against  flat-top  rails  alone  and  made  a  ground  for 
their  rejection,  for  the  difference  of  density  of  rail  head  due  alone  to  the 
form  of  curve  of  rail  top  must  be  quite  insignificant  since  it  is  measured 
by  the  versed  sine  of  one-half  of  the  top  curve,  which  in  the  flat-top  rail 
would  be  zero,  and  in  Mr.  Sandberg's  rail  of  6  inches  radius,  -^  of  an 
inch.  In  either  form  the  density  is  mainly  given — as  in  the  perfectly 
flat  base  of  the  rail — by  the  pressure  or  work  of  the  rolls  acting  upon  the 
semi-fluid  metal  and  forcing  it  against  the  vertical  sixrfaces  of  the  rail- 
gi'ooves,  which  act  simply  as  moulds  to  shape  the  rail  base  and  head.  As 
the  rail  metal  at  its  passage  through  the  last  grooves  is  far  from  being 
perfectly  fluid,  the  final  pressure  on  the  rail-head  and  rail-base  is  far 
from  being  equal  to  that  i^roduced  by  the  rolls  on  the  web  and  sides 
of  the  head.  This  remarkable  fact,  that  the  portion  of  the  rail  on 
which  the  least  pressure  and  work  is  expended  is  the  very  portion  on 
which  the  heaviest  and  most  severe  service  falls,  points  to  the  desira- 
bility of  considering  if  modifications  or  additions  to  our  present  mode 
of  rolling  rails  may  not  be  possible. 

The  second  objection,  concerning  the  difficulty  of  delivering  flat-top 
rails  from  the  rolls,  is  doubtless  a  valid  one,  but  one  which  would  be 
obviated  by  giving  the  rail  any  appreciable  curvature  which  should 
release  the  horizontal  grip  on  any  one  portion  of  the  rail  head  as  soon  as 
that  portion  should  have  passed  the  point  of  contact  with  the  rolls,  or,  as 
Mr.  Sandberg  says,  "as  long  as  the  rail  is  not  flat;"  hence  a  20-inch 
radius  would  not  be  subject  to  this  objection. 

A.  P.  Man,  Jr. ,  M.  Am.  Soc.  C.  E.  —I  think  this  matter  of  shape  of  head 
has  not  been  discussed  (except  corner)  sufficiently  in  this  article  to  decide 
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as  between  wide  or  deep  head.  It  is  entirely  a  question  as  to  wliere  the 
metal  is  needed  for  wear.  According  to  this  discussion  seven-eighths 
of  all  rails  are  not  on  outside  of  curves.  Is  it  wise  to  put  the  metal  on 
as  if  all  were  on  the  outside  of  curves?  Such  may,  however,  be  deemed 
the  weak  point  to  be  protected,  perhaps.  I  incline  to  favor  the  deep 
head  rather  than  the  broad,  even  if  a  fish-plate  only  be  used  at  joints  on 
inside  of  rail  and  a  heavily  reinforced  angle  plate  to  match  on  the  out- 
side.    Is  there  any  important  objection  to  such  an  arrangement? 

Hunter  McDonald,  M.  Am.  Soc.  C.  E. — The  tendency  of  all  well 
mounted  and  matched  wheels  is  to  hollow  treads,  which,  of  course,  have 
a  curved  surface  on  account  of  lateral  play;  a  fiat-top  rail  will  not  re- 
duce this  tendency. 

When  treads  are  worn  slightly  hollow  the  bearing  will  be  on  the 
corners  of  the  flat-top  rail  alternately,  seldom  on  both  corners  at  the 
same  time  on  account  of  greater  width  of  concave  surface  of  wheel  than 
head  of  rail. 

The  crushing  force  of  load  will  be  more  disastrous  to  the  rail  if  ap- 
l^lied  to  unsupported  corners  than  to  the  supported  middle  of  rail. 

The  curved-top  rail  will  practically  afford  greater  bearing  surface 
than  the  fiat-top. 

Most  of  the  defects  in  sections,  illustrated  in  Mr.  Whittemore's  paper, 
are  defects  of  construction  and  not  directly  the  result  of  curved-top  rails 
alone. 

The  tendency  of  flat-toj?  rails  will  practically  be  to  increase  the  cor- 
ner radii. 

Cylindrical  wheels  will  soon  wear  hollow,  and  most  wheels  now  in 
use  are  already  more  or  less  hollow. 

Unless  the  change  were  made  simultaneously  on  all  systems,  Mr. 
Whittemore's  desired  result  could  not  be  reached,  because  the  flat-top 
rail  would  hollow  the  tread  of  cylindrical  wheels,  and  the  already  hollow 
treads  would  round  the  corners  and  toi>  of  the  rail. 

Mansfield  Mereiman,  M.  Am.  Soc.  C.  E. — As  I  have  cast  my  vote  in 
the  final  report  of  the  Committee  on  Wheels  and  Rails  in  opposition  to 
the  flat-topped  rail  proposed  by  Mr.  Whittemore,  it  may  be  well  to  give 
a  reason  for  the  faith  that  is  in  me,  which  is  based  not  only  ui:)on  the 
facts  set  forth  by  that  committee,  but  on  the  fundamental  laws  of 
ehding  friction.  It  is  now,  of  course,  well  known  that  the  old  laws  of 
friction,  as  stated  by  Morin,  arc  but  rude  apj^roximations,  and  it  is  well 
established  by  exi^eriments  made  during  the  past  twenty  years  that  the 
co-efificient  of  sliding  friction  varies  not  only  with  the  velocity  but  also 
with  the  intensity  of  the  normal  pressure.  When  the  pressure  per 
square  inch  is  high,  the  co-efiicient  of  friction,  and  hence  the  total  resist- 
ing force  of  friction,  is  less  than  when  the  pressure  per  sijuare  inch  is 
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low.  The  application  of  this  jDrincipIe  to  the  contact  between  wheel 
and  rail  seems  to  indicate  that  the  top  of  the  rail  should  not  be  flat,  since 
on  account  of  the  difference  between  the  wheel  gauge  and  the  track 
gauge  there  is  a  lateral  sliding  of  from  i  to  J  of  an  inch.  Previous  dis- 
cussions have  pointed  out  the  fact  that  probably  this  lateral  sliding  is 
one  of  the  main  causes  of  the  wear  of  the  rail.  Now,  if  the  line  of 
contact  across  the  rail  is  large,  say  2  or  2i  inches,  the  pressure  per 
sqiiareinch  is  less  than  if  that  line  of  contact  is  1^  or  1  inches,  so  that  in 
the  former  case  the  co-efficient  of  friction  is  the  greater,  and  hence  the 
wear  of  the  rail  is  greater,  as  also  is  the  amount  of  fuel  required  to  pull 
the  train.  If  this  sliding  friction  were  the  only  thing  to  be  considered 
I  should  advocate  a  small  radius  for  the  toj)  of  the  rail,  but  as  the  wear 
due  to  pounding  and  crushing  is  also  large,  we  are  between  two  fires,  and 
must  select  a  mean  radius  which  is  not  small  and  also  not  very  large. 
It  appears  to  me  that,  considering  all  the  elements  of  the  question,  the 
committee's  proposition  for  a  12-inch  radius  is  as  fair  a  mean  as  we  can 
arrive  at  under  our  present  knowledge  of  the  subject. 

James  A.  MiLLHOLiiAND,  General  Manager  George's  Creek  and  Cum- 
berland Railroad. — I  fully  agree  with  the  committee  that,  as  the  bearing 
surface  on  the  top  of  the  head  of  the  rail  is  narrowed  by  a  rounding  off 
of  the  upper  corner  of  the  head,  the  wear  ujDon  the  head  grows  very 
materially.  My  position,  however,  is  that  as  the  corner  is  rounded  to 
fit  the  wheel  fillet,  from  a  former  sharpness,  the  wear  upon  that  corner 
does  not  grow  as  rapidly,  as  it  approaches  a  fitting  with  the  wheel  fillet, 
as  it  did  when  it  was  relatively  sharper. 

S.  Fisher  Moeeis,  M.  Am.  Soc.  C.  E. — I  see  no  objection  to  the 
Michigan  Central  rail,  but  would  modify  it  by  making  the  top  entirely 
flat,  which  is  the  form  I  recommend.  I  think  that  a  flat  top  will  reduce 
rail  wear  and  give  longer  life  to  both  rails  and  wheels. 

John  Newell,  M.  Am.  Soc.  C.  E. — My  views  on  the  subject  of  rail 
sections  are  expressed  in  the  accompanying  sections  for  65  and  70 
pound  rails,  Plate  LXXV,  the  latter  the  heaviest  weight  used  upon  our 
line,  the  Lake  Shore  and  Michigan  Southern, 

An  inspection  of  these  will  give  my  views  better  than  I  can  in  the 
limited  time  I  have  to  devote  to  the  subject. 

Ernest  Pontzen,  Cor.  M.  Am.  Soc.  C.  E.— The  tendency  to  sharp 
flanges  is  a  consequence  of  the  rigid  connection  of  the  axles  of  the 
truck  or  cai".  The  wear  of  flanges  increases  with  the  distance  apart  of 
the  rigid  axles;  it  will  diminish  when  the  tread  of  the  wheels  is  coned 
and  the  top  of  rails  curved.  If  the  rails  are  soft,  the  sharpening  of 
flanges  will  progress  less  quickly. 
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If  the  rail  corn'er  and  the  side  face  of  the  head  fits  the  fillet  of  the 
flange,  the  wear  of  rail  and  of  wheel  will  be  great,  as  there  will  be  fric- 
tion on  all  points  of  contact  which  are  not  situated  on  the  rolling  line. 

If  the  shape  and  material  of  the  wheel  treads  and  the  distance  be- 
tween the  axles  were  altered,  it  is  probable  that  the  radii  observed  on 
worn  rails  woiild  not  be  the  same  as  those  named  (12  inches  and  -j-  inches). 

It  is  most  important  to  have  the  fillet  of  flange  well  chilled;  as  that 
can  be  secured  better  by  a  large  fillet  radius,  I  would  admit  a  J -inch 
fillet  radius. 

I  would  admit  the  12-inch  radius  or  even  a  flatter  top,  but  only  if 
the  tread  of  the  wheels  is  cylindrical.  In  ease  of  conical  tread  I  would 
reduce  the  radius  of  the  top  to  about  9  inches.  In  the  first  case  the  flatter 
toj)  reduces  the  chances  of  producing  grooves  in  the  tread;  in  the  second 
case,  the  shorter  radius  seems  to  me  to  be  suitable  for  maintaining  the 
wheels  in  proper  position  without  the  aid  of  the  flanges,  and  it  also  pre- 
vents more  efi'ectually  the  squeezing  out  of  metal  on  top  of  the  rail.  Such 
deformation  of  the  top  of  rail  results  at  once  in  a  reduction  of  duration 
of  rails  and  of  wheels,  as  the  metal  thus  protruded  increases  the  wear  of 
the  fillet  of  flanges. 

Some  difiiculty  will  be  met  in  rolling  rails  with  flat  top.  I  would 
for  these  reasons  give  preference  to  rails  with  a  curved  top,  the  radii 
being  selected  in  accordance  with  the  shape  of  the  wheel  tread  (cylin- 
drical or  conical). 

I  had  wished  to  furnish  some  drawings  taken  from  rails  used  on  our 
railroad's,  but  could  not  in  time  for  publication  in  the  present  discussion. 

The  distances  between  the  axles  of  our  cars  (four-wheeler  or  six- 
wheeler)  are  somewhat  greater  than  in  American  rolling  stock,  as  the 
greatest  number  have  been  built  without  trucks.  I  hoj^e  that  in  time 
the  utility  of  trucks  will  become  more  appreciated  in  Europe. 

Messrs.  Thomas  Pkosser  &  Son. — We  take  pleasure  in  handing  you 
a  circular  that  we  have  issuetl  regarding  flange  and  tread  of  wheels  and 
tires,  and  believe  that  if  all  the  roads  adopt  the  Master  Mechanics'  and 
Master  Car  Builders'  staudai-d  flange  and  tread  for  all  tires  and  wheels 
it  would  greatly  help  to  reduce  sharp  flanges  and  unevenly  worn  rail- 
heads. 

As  we  understand  the  matter,  it  is  the  desire  of  your  Society  to 
adopt  a  standard  rail-head  which  shall  be  suitable  for  the  standard 
flange  and  tread  adopted  by  the  Master  Mechanics'  and  Master  Car 
Builders'  Associations,  as  we  presume  that  there  is  no  question  about 
many  accidents  having  occurred  from  the  flange  and  tread  not  fitting 
the  rail  perfectly. 

In  onr  circular  we  state  that,  unless  otherwise  requested,  wc  will  in 
future  furnish  all  locomotive  driving  wheel  tires,  leading  locomotive 
truck  wheels,  tender  wheels  and  car  wheels,  with  the  flange  and  ti'ead 
adopted  by  these  associations,  as  it  seems  to  be  the  general  disposition 
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of  railroad  officials  to  adopt  this  flange  and  tread  as  a  standard,  and 
most  of  the  orders  we  have  lately  received  so  sjiecif  j. 

A  few  mouths  ago  we  had  on  file  between  seventy-five  and  one  hun- 
dred different  styles  of  flanges  and  treads,  and  are  pleased  to  repoit  that 
with  hardly  an  exception  the  parties  using  them  have  notified  us 
that  they  have  adopted  as  a  standard  the  flange  and  tread  adopted  by 
the  Master  Mechanics'  and  Master  Car  Builders'  Association,  and  it  is 
hoped  it  will  be  made  the  "standard  "  in  every  sense  of  the  word. 

S.  "W.  EoBiNSON,  M.  Am.  Soc.  C.  E. — From  the  study  of  ball  bear- 
ings, as  consulting  engineer  for  the  mountings  of  the  Lick  telescope,  I 
am  certain  that  ]Mr.  Whittemore  is  correct  in  keeping  the  load  within  the 
elastic  limit  of  wheel  and  rail,  and  that  the  top  should  be  very  nearly 
or  quite  flat  for  best  results  in  service.  Although  I  think  a  perfectly 
flat  top  cannot  be  maintained  in  service,  yet  I  believe  we  should  seek  to 
obtain  as  nearly  that  as  possible. 

A.  A.  Robinson,  H.  V.  Hinckley  and  Lewis  Kingman,  Members  Am. 
Soc.  C.  E.  (by  joint  letter). — No  doubt  sharp  flanges  are  a  natural  and  in- 
evitable phenomenon  to  some  extent,  but  Ave  believe  it  is  well  to  have  the 
rail  and  wheel  sections  correspond  as  far  as  practicable  at  the  place 
where  the  most  wearing  is  done,  and  that,  as  in  any  machinery,  a  re- 
sjjectable  "fit,"  supplemented  with  an  avoidance  of  surplus  loose 
motion,  will  not  increase  the  wear. 

The  committee  think  wear  is  largely  due  to  trucks  being  out  of 
square  and  to  unequal  diameter  of  wheels.  Tangent  rail  wear,  however, 
on  the  Santa  Fe  (of  which  Figs.  1,  2  and  3,  Plate  LXXVL  are  samples 
of  sections  taken  at  various  points  on  the  system)  does  not  show  on  the 
side  of  the  rail-head  where  we  should  expect  to  find  some  of  it  if  (in 
connection  with  the  flanges  in  actual  service,  Fig.  7)  these  causes  of 
wear  were  so  prominent. 

As  to  quality  of  wheels  and  defects  therein  having  much  to  do  with 
their  wear,  there  is  no  doubt. 

As  to  the  conclusion  of  the  committee,  that  no  money  loss  I'esults 
from  wear  running  more  to  flange  than  to  tread,  we  do  not  fully  agree 
with  them.  If  the  head  of  rail  has  insufficient  height  the  rapid  wear 
of  flanges  means  the  early  contact  of  splices  and  flanges,  and  it  is  not 
impossible  that  this  contact  on  curves  has  been  the  cause  of  some  of  the 
many  "derailments,  cause  unknown." 

"With  a  high-headed  rail,  flange-wear  is  also  evidently  not  desirable, 
for  on  any  rail-head  we  do  not  want  the  flange  and  splice  to  touch  till 
all  the  available  wear  has  been  utilized  from  the  crown  of  the  rail.  On 
the  Santa  Fe,  as  a  matter  of  safety  to  passenger  traffic,  the  wheel  tires 
of  all  passenger  equipment  and  of  over  90  per  cent,  of  engines  are 
steel. 
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This  accounts  for  the  nearly  vertical  flange  indicated  by  heavy  line  in 
Fig.  7,  Plate  LXXVI  (which  shows  sample  sections  from  wheels  in  actual 
service  on  the  Santa  Fe),  and  the  nearly  vertical  wear  on  side  of  rail 
heads  on  the  Katon  Mountain  (Figs.  5  and  6),  where  maximum  grade  is 
185  feet  per  mile,  and  where  engine  and  i^assenger  car  wheels  are  all 
steel.  We  call  attention  to  this  fact  in  connection  with  Figs.  5  and  6, 
because  when  splice  and  flange  touch,  the  rail  is  no  longer  fit  for  service 
either  under  jjassenger  traffic  or  otherwise. 

On  account  of  heavy  mountain  grades  the  Santa  Fe  can  not  go  back 
to  cast-iron  wheels  for  passenger  service,  and  with  steel  prefers  that 
wear  shall  not  be  excessive  upon  flange  as  a  matter  of  economy  to  both 
wheel  and  rail.  As  to  radius  of  upper  corners  of  rail  the  Santa  Fe  has 
always  used  |  of  an  inch.  We  prefer  the  smallest  radius  practicable 
for  both  wheel  and  rail. 

Fig.  8,  Plate  LXXVI,  shows  the  Santa  Fe  71-pound  rail,  and  its  other 
sections  are  similar. 

Fig.  9  shows  the  recently  adopted  65-pouud  rail  of  the  Denver  and 
Eio  Grande. 

The  Santa  Fe  rail  has  nearer  the  contour  of  the  flange,  and  conse- 
quently must  lose  more  metal  in  service  before  it  will  lose  the  same 
amount  of  gauge. 

On  the  other  hand,  the  Rio  Grande  rail  has  more  metal  in  the  top  of 
the  head  to  wear,  and  is  stifi'er. 

Rails  made  with  heads  tapering  like  those  of  the  Santa  Fe  may  get 
the  sanie  splice-bearing  by  using  vertical  sides  and  -re-  radius,  or  a  point 
for  lower  corner  of  section  of  rail  head.  This  change  we  are  ready  to 
adopt.  We  want  the  rail  and  wheel  to  have  the  same  radius,  and  are 
not  in  favor  of  a  f-inch  radius  for  wheel  fillet  and  a  |-inch  rail  corner 
to  cut  into  it. 

With  the  wheel  section,  which  we  understand  to  be  the  present 
standard,  the  result  would  be  as  shown  in  Fig.  10.  We  prefer,  however, 
that  the  radius  of  wheel  fillet  and  upper  rail  corner  both  be  I  of  an 
inch.  Then  if  vertical  sides  be  advocated  we  are  ready  and  glad  to 
adopt  them. 

AVhether  rail  top  be  flat  or  not,  the  tread  of  a  cylindrical  wheel  will 
always  wear  hollow,  and  the  hollow  will  not  fit  a  flat  rail  top,  but,  on  ac- 
count of  centrifugal  force  on  curves  and  the  oscillations  on  any  track, 
will  be  a  curved  line  substantially  as  with  old  style  coned  wheels.  With 
flat-top  rail  the  bearing  of  load  would  be  at  extreme  corner  of  head 
instead  of  on  crown. 

All  Santa  Fe  rail-heads  have  about  14  inches  radius.  With  the  con- 
ing of  wheels  that  have  in  years  jjast  gone  over  the  system,  the  general 
shape  of  the  crown  has  been  preserved  (see  Figs.  1,  2  and  3),  and  we 
prefer  to  retain  a  radius  of  either  12  or  14  inches  for  tojJ  of  rail,  though 
possibly  10  inches  would  bo  best.  The  radii  of  worn  wheels  seem  to 
average   about  g  of  an  inch,  varying  from   i  to  g  and  more. 
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Considering  rails  and  wheels  together  (i.  e.,  both  of  them),  the  mini- 
mnm  wear  appears  to  be  when  radii  of  parts  of  contact  are  nearly  or 
quite  alike,  nor  is  there  any  doubt  in  our  minds  as  to  the  advisability  of 
making  them  so  at  the  start. 

The  wear  of  the  gauge  will  be  less  as  we  ajii^roach  this  relation  at 
the  beginning,  and  will  be  less  after  this  condition  is  attained  than 
before ;  therefore  let  us  have  as  near  this  condition  as  possible  at  the 
start. 

At  all  events,  we  hope  Ave  shall  not  drift  back  from  f  to  J  of  an 
inch  radius  for  wheel  fillet. 

If  there  is,  as  the  committee  suggests,  "no  particular  necessity  for 
having  any  single  standard  radius  for  rail  or  wheel, "  there  certainly  does 
exist  a  necessity  for  uniformity  in  sections  and  in  the  gauging  of  track 
and  rolling  stock.  Whatever  radii  be  adopted,  we  want  four  points 
settled : 

First. — A  method  of  gauging. 

Second. — A  definite  place  on  the  head  of  rail  to  which  to  measure  the 
gauge. 

Third.  — An  allowable  variation  each  way  from  standard  gauge. 

Fourth. — An  allowable  variation  between  wheel-gauge  and  track- 
gauge. 

In  our  opinion  the  matter  of  determination  and  preservation  of  gauge 
is  one  of  the  most  important  points  in  this  whole  matter. 

The  rolling  stock  that  passes  over  the  Santa  Fe  system  varies  in 
wheel-gauge  at  least  1|  inches  by  actual  measurement. 

The  difference  in  rail  heads  allows  at  least  \  an  inch  more  variation 
in  gauging,  and  some  roads  do  and  some  do  not  widen  gauge  on  curves 
and  at  switches,  so  that  the  total  variation  of  our  "standard"  4  feet  8J 
inch  gauge  (not  mentioning  4  feet  9  inch)  is  more  than  the  width  of  the 
rail  head  and  is  a  constant  element  of  danger,  often  resulting  in  spread- 
ing or  tearing  up  of  track  and  springing  of  angles  at  switches,  and  the 
spreading  of  track  on  curves,  and  consequent  derailment  and  wrecks. 

Whatever  will  tend  to  reduce  this  variation  of  gauge  to  a  minimum 
will  have  our  hearty  support,  and  the  first  act  to  that  end  is  the  adop- 
tion of  standard  sections  and  methods  of  gauging.  We  object  to  the 
extreme  slope  of  sides  of  rail,  as  in  the  Lehigh  Valley  standard,  on 
account  of  loss  of  metal  in  top  of  head,  where  most  needed  for  stiffness 
and  wear. 

We  object  to  the  Cumberland  Valley  rail  and  wheel  sections  for  the 
same  reason,  and  the  additional  diflficulty  of  placing  split  switches  with- 
out cutting  main  track  rail. 

The  advantages  of  a  curved  rail  top  are: 

1st.  Bearing  over  web  of  rail. 

2d.  Better  contact  of  rail  with  wheel. 

3d,  Less  resultant  "flow  of  metal "  on  rail  corners. 
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We  i^refer  Fig.  8,  either  as  it  stands  or  with  vertical  sides  and  points 
for  lower  corners,  but  are  willing  to  compromise  and  adopt  Fig.  9,  or 
even  10,  if  by  so  doing  we  can  secure  the  general  adoption  of  a  standard. 

Better  that  any  one  of  the  four  sections  ( B'igs.  8,  9  or  10,  or  8  with 
vertical  sides)  be  adojited  than  to  be  using  all  the  jiresent  varieties  in 
the  same  service. 

C.  P.  Sandberg,  C.  E. — On  the  whole  the  rail  section  shown  in  Fig. 
1  of  the  report,  the  adopted  stand.ard  of  the  Michigan  Central,  is  in  my 
opinion  decidedly  the  best  of  the  three,  and  with  very  slight  modifica- 
cation  would  meet  with  my  entire  approval,  but  not  so  the  two  others. 
I  have  replied  to  each  question  with  "yes"  or  "no,"  but  w'ill  now  give 
my  reasons  for  such  replies. 

One-quarter-iuch  radius  is  much  too  small  for  any  rolling  stock  not 
provided  with  bogies,  and  absolutely  dangerous  for  derailment  with 
fixed  axle  journals,  as  used  in  Europe.  It  may.  do  for  America  with 
your  bogie  system  on  both  engines  and  carriages,  but  even  there  it  is 
hard  to  see  what  will  be  the  gain  by  such  a  small  radius,  and  why  not 
have  half  an  inch,  as  I  have  adopted  in  my  standard  sections,  of  which 
millions  of  tons  have  been  made  during  the  last  thirty  years.  This 
reply  will  also  serve  for  "A,"  Figs.  2  and  3. 

Twelve-inch  top  radius. — For  reasons  given  in  my  reply  to  Mr.  Whit- 
temore's  paper,*  a  12-inch  radius  gives  a  less  compact  head  than  one  of 
half  that.  However,  as  stated  before,  steel  rolls  better  than  iron,  any- 
thing between  6  and  10  inches  would  do.  Since  my  reply  to  this  question 
I  have  seen  the  Manager  of  the  Dowlais  Iron  and  Steel  Works,  Mr.  E.  P. 
Martin,  who  rolled  that  very  flat-toisped  rail,t  and  he  entirely  agreed 
with  my  statement,  adding  "  they  may  perhaps  retort  upon  you  that  if 
it  is  so  difficult  about  making  a  fiat  top,  how  about  making  a  flat  bot- 
tom? "  to  which  I  rei^lied  that  no  one  is  having  a  round  bottom  but 
himself. 

Vertical  Sides. — I  entirely  approve  of  the  same.  I  have  kept  them 
on  my  standai'd  sections  all  through  from  the  beginning.  In  Europe 
the  reverse  inclination  is  used  to  that  in  America  (see  section  of  Russian 
and  German  rails  in  my  last  paper  "On  the  use  of  heavier  rails") J 
This  partly  offers  the  bulk  of  the  rail  head  to  greater  wear,  and  partly 
clearance  of  side  friction  from  the  tire  flange,  but  gives  a  somewhat 
smaller  support  to  the  fish  against  the  rail  head;  however,  the  difference 
is  so  small  that  the  gain  by  the  lately  adopted  sections  Nos.  2  and  3,  is 
hardly  worth  while  mentioning,  compared  with  the  disadvantage  of  the 
above-mentioned  main  points.    Besides  the  side  friction,  which  in  No.  3 

*  Trausactions,  Vol.  XXI,  p.  1G6,  October,  1889. 

t  Seo  Plate  LXIV,  TrauBactions,  Vol.  XXI,  p.  1G8,  October,  1889. 

X  Proceedings  lustitution  of  Civil  Eugiueers,  Vol.  XCV. 
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must  be  enormous,  the  gauge  may  alter  by  the  wearing  of  the  rails,  and 
it  cannot  but  be  regretted  that  such  a  large  quantity  of  rails  have  been 
made  to  this  section  in  America. 

The  very  small  lower  corner,  |  to  ^2  oi  an  inch.— I  approve  of  this 
entirely,  as  giving  more  bearing  to  the  fish,  and  taking  advantage  of  the 
metal,  steel,  being  rolled  to  a  sharper  corner  without  the  slightest  diffi- 
culty. In  fact  I  find  the  sharp  corners  give  less  wasters  or  cracks  than 
the  rounded,  just  the  reverse  to  what  it  used  to  be  in  iron,  and  why 
should  we  then  not  take  advantage  of  the  new  metal,  steel,  when  it  is  an 
advantage  to  both  producer  and  consumer  ? 

A 'most  important  measure  is  missing  on  all  the  three  drawings, 
namely,  the  width  of  bearing  surface  between  the  rail  head  andfish,  and 
in  practice  it  is  absolutely  necessary  that  the  fish-plate  touching  surface 
of  the  rail  should  be  as  straight  as  a  line,  not  rounded  as  it  is  inclined 
to  be  with  the  usual  mode  of  rolling,  this  being  all  the  more  important 
when  using  the  three  tie  fishes  of  41  inches  in  length,  as  they  would  be  no 
good  unless  a  jDerfect  fit  to  the  rail  be  effected  from  the  commencement, 
and  as  the  straightening  of  such  a  long  fish  affords  considerable  diffi- 
culty, this  may  be  one  reason  for  its  slow  adoption. 

The  very  broad  head. — I  entirely  approve  of  it  for  two  reasons:  first, 
that  the  broad  head  would  be  more  compact  than  a  narrow  thin  one; 
secondly,  that  it  would  offer  more  wearing  surface  to  both  rail  and  tire, 
and  give  increased  traction  power  for  the  same  weight  of  engine.  For 
this  reason  my  "Goliath"  rail  is  designed  2f  inches,  and  the  Belgian 
Goliath  is  2|-  inches,  and  I  do  not  see  the  reason  why  it  should  not  go 
up  to  three  inches,  or,  approaching  the  wearing  surface  of  the  tire,  say 
3t  inches,  all  for  heavier  rails  where  the  substance  or  depth  of  rail  at 
the  edge  would  not  be  less  than  li  inch,  so  as  to  allow  at  least  ^  an  inch 
wearing  surface  from  the  toji. 

Another  important  question  missed  on  the  three  drawings  is  the 
thickness  of  flange,  this  measure  being  entirely  left  out.  In  this  respect 
Fig.  1  seems  to  be  the  best,  Fig.  2  entirely  condemnable  owing  to  the 
thinness  of  the  flange,  which  would  necessitate  rolling  the  steel  of  such 
softness  as  to  endure  but  little  wear,  which  is  now  sadly  proved  in 
America,  and  from  which  a  wrong  conclusion  is  often  drawn,  viz. :  that 
it  is  the  fault  of  the  big  head,  that  actually  gives  no  more  wear  than  the 
small  head.  I  have  devoted  two  pages  (14  and  15)  in  my  paj^er  to  this 
important  subject. 

R.  I.  Sloan,  M.  Am.  Soc.  C.  E. — I  inclose  herewith  a  section  of  rail. 
Fig.  18,  which  was  taken  up  after  about  four  years  use  on  the  Man- 
hattan Elevated  Eailway,  at  the  Coenties  Slip  curve,  in  New  York  City. 
The  lines  of  the  top  of  the  rail  show  that  it  had  worn  nearly  flat.  In 
my  oiJinion,  formed  from  my  observation  on  this  road,  it  does  not  make 
much  difference  whether  the  top  of  the  rail  is  flat  or  slightly  curved ; 
the  wheels  wear  the  surface  down  to  accommodate  themselves. 
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Fig.  18. 
63-pound  rail  used  on  the  Manhattan  Kailway  at  Coenties  Slip,  showing  section  October 
12th,  1883,  when  laid,  and  section  September  5th,  1887,  when  taken  up.    Badius  of  curve  125 
feet  (outside  rail). 

The  following  is  a  statement  of  the  traffic  over  this  rail  : 

Third  avenue  traffic  from  October  12th,  1883,  to  September  5th, 
1887: — 1  423  days,  501  trains,  2  048  cars  loer  twenty -four  hours. 

Second  avenue  commenced  running  April  12th,  1885.  Traffic  from 
April  12th,  1885,  to  September  5th,  1887:— 876  days,  395  trains,  1  523 
cars  per  twenty -four  hours. 

Cars.  Engines. 

Third  avenue 2  914  304  712  928 

Second     "       1  334  148  346  020 


4  248  452 


1  058  943 


Tons. 

Average  weight  of  cars,  14  tons 59  478  328 

"  "    engines,  17     "    18  002  031 

Total 77  480  359 


A.  J.  Swift,  M.  Am.  Soc.  C.  E.  — States  that  he  does  not  advise  rec- 
ommending an  entirely  flat-top  rail,  because  he  thinks  coning  desirable 
to  steady  cars,  and  that  coned  wheels  do  certainly  bring  about  curved 
tojis  on  rails. 

Also  that  any  deductions  made  from  wear  caused  by  wheels  of  vary- 
ing gauge  and  template  cannot  be  a  safe  guide  for  the  future,  when  ^  of 
an  inch  fillet  will  probably  be  universal  and  a  uuit'orm  gauge  may  be 
expected  and  hoped  for. 
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G.  H.  Thomson,  M.  Am.  See.  C.  E. — T  do  not  consider  that  the  evi- 
dence submitted  is  sufficient  to  warrant  the  assumption  that  "the  ten- 
dency to  sharp  flange  is  a  natural  phenomenon,  which  must  exist  in  all 
perfectly  running  wheels,"  for  the  reason  that  the  tendency  is  not  in- 
herent in  the  wheels  themselves  but  is  from  the  slewing  of  the  trucks, 
causing  them  to  run  "out  of  square,"  and  this  is  due  to  the  short  wheel 
base.  If  the  distance  between  the  wheels  of  an  ordinary  freight  car 
truck  were  reduced  say  to  38  inches,  the  phenomenon  of  "  sharp  flange  " 
would  be  more  frequent,  for  the  reason  that  the  flanges  of  the  wheels 
would  then  impact  the  rails  at  an  angle  more  favorable  toward  the  pro- 
duction of  "sharp  flanges."  If  the  angle  of  impact  be  improved  by 
increasing  the  distance  between  the  wheels,  the  number  of  sharp  flanges 
would  decrease.  Minor  causes,  such  as  mis-mated  wheels,  soft  chilling, 
etc.,  localize  the  sharp  flange  and  determine  the  life  and  wear,  in  a 
measure,  of  the  wheel. 

The  Dudley  section  laid  in  1884  upon  the  New  York  Central  is,  al. 
though  soft  (.32  carbon),  as  a  rule  attesting  the  mechanical  wisdom  of  a 
12 -inch  top  radius,  and  in  the  first  year  of  its  use  double  flanges  on 
driving  wheels  were  the  rule  rather  than  the  exception.  Its  radius  after 
five  years'  use  is  still  12  inches. 

I  object  to  the  wide  and  thin  flange  of  the  Michigan  Central  section, 
(the  thickness  of  the  rail  base  is  not  given,  but  is  understood  to  be  -/v  of 
an  inch,  and  the  section  rolled  .45  to  .50  carbon). 

I  would  prefer  the  j  inch  radius  under  the  head  increased  to  i  or  f  of 
an  inch. 

I  object  to  the  vertical  sides  of  the  head. 

The  above  objections  hold  for  this  section  at  80  pounds  and  at  .45 
carbon. 

A  comparison  of  the  Michigan  Central  section  with  P.  H.  Dudley's 
section  of  the  same  weight,  designed  in  1883,  is  herewith  presented.  It 
does  not  appear  that  the  Michigan  Central  section  is  as  stifi"  as  the  Dud- 
ley section;  nor  can  it  be  rolled  harder  or  at  a  better  finishing  heat,  and 
after  wear  and  oxidation  the  latter  section  would  still  be  the  stifi"er  one. 

Comparison  of  Rail  Sections. 

80-pound  80-pouncl  Michigan 

Dudley,  1883.  Central,  1889.        Difference. 

Square  inches.        Square  inches.     Square  inches. 

Head  area 3.44  3.29  —0.15 

Neck     "     1.60  1.72  -f0.12 

Base     "     2.73  2.86  -f0.13 

Dudley.        Michigan  Central.  Difference 

Per  cent.  Per  cent.  Per  cent. 

Head  area 44.2  41.8  —2.4 

Neck     "     20.6  21.8  +1.2 

Base     "     35.2  36.4  +1.2 

100.00  100.00 
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Inches.  Inchea.  Inches. 

Head  top  radius 12  12  0.0 

"     corner  radius -^  \  — -iV 

"     lower        "      -h  -h  0.0 

"     depth Iff  H  — A- 

"     top  width 2-i\  2i  — ^ 

"     bottom  width 2H  2i  —^ 

Height 5  5  0.0 

Neck  thickness i  -i\  +  re" 

"     top  radius f  i  —  i 

"     bottom   radius -H  x  — A" 

Base  width 4lf  5  +1^ 

Base  thickness,  least i  A  —  xe" 

I  do  not  think  that  at  the  present  time  the  absolutely  flat-top  rail  will 
reduce  rail  wear,  especially  on  trunk  lines,  interchanging  with  foreign 
roads,  with  all  kinds  of  wheels,  "double  flange,"  etc. 

I  think  there  are  objections  to  the  absolutely  flat-top  rail.  In  a 
straight  axle  with  the  wheels  and  the  flat-top  rail  recommended  by  Mr. 
Whittemore  in  his  invaluable  paper,  that  coincidence  of  face  line  of 
wheels  and  top  of  rail  sought  (shown  at  "^"on  Fig.  19)  obtains 
only  when  both  rails  are  absolutely  level,  or  lying  within  the  same 
plane,  but  this  perfection  of  track  surface  is  unknown ;  lower  one  rail  \  of 
an  inch,  and  the  concentrated  bearing  (shown  on  Fig.  19  at  "5"  and 
"  C")  results,  with  probable  consequent  crushing  rather  than  wearing  of 
the  rails. 

Also  on  curves,  the  "rocking"  of  the  outside  rails,  even  if  level,  or 
inclined  in  the  same  plane,  would  tend  to  shift  the  bearing  toward  the 
corner  of  rail.  It  seems  to  me  that  the  cylindrical  wheel  and  rail  of 
very  broad  head  and  of  large  radius  (say  20  inches  or  more)  would  be 
the  best  economy,  but  only  when  an  absolutely  uniform  track  surface 
can  be  cheaj^ly  maintained.  This  cannot  be  done  now  with  X-sections 
and  angle  joints,  but  if  some  new  sections  loermitting  a  broad  head  be 
devised,  and  if  the  joints  can  be  got  rid  of,  the  iDroblem  is  solved,  and 
the  art  of  railroading  wUl  experience  a  most  decided  advance  in  rail 
economy.  "With  toj^  radius  large  and  rails  slightly  out  of  surface  as  re- 
ferred to  each  other,  the  tread  line  of  cylindrical  wheels  will  be  tangen- 
tial to  some  part  of  the  rail  top,  and  therefore  the  wheels  will  be  always 
in  relatively  wide  bearing. 

I  do  not  at  present  advise  recommending  an  entirely  flat  top  under 
the  conditions  the  flat-top  rail  would  be  subject  to  on  most  railroads. 

In  conclusion,  I  will  add  that  too  much  in  the  way  of  protest  cannot 
be  said  against  the  use  of  60  000  capacity  coal  cars  as  referable  to  rail 
endurance  and  economy. 

W.  Howard  White,  M.  Am.  Soc.  C.  E. — By  counting  up  the  rail  sec- 
tions on  pags  38  and  39  (pp.  244  and  245,  ante),  of  the  preliminary  report 
of  the  committee,  which  show  a  corner  radius  of  0. 26  or  under,  I  find  fif- 
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teen  out  of  tliirty-two  in  this  category,  and  it  therefore  does  not  seem  to 
me  proven  that  the  head  generally  wears  to  about  i  of  an  inch  radius. 

The  head  radius  seems  to  be  very  various.  It  will  average  12  inches, 
perhaps. 

Have  never  made  any  extended  measurements  wliich  would  throw 
light  on  this  point,  but  think  that  where  much  side  wear  takes  place 
the  corner  generally  wears  to  a  greater  radius  than  i  of  an  inch. 

I  approve  the  rail  section  shoAvn  (Michigan  Central)  in  all  respects, 
except  the  vertical  sides,  and  disapprove  these  because  they  do  not 
allow  as  much  bearing  for  the  splice  as  would  be  available  were  they 
inclined. 

I  disapprove  the  sjjlice  shown  as  having  too  much  metal  in  the 
lower  flange  and  w^eb,  with  the  consequent  result  of  depressing  the  ver- 
tical axis  and  leading  to  excessive  fiber  elongation  in  the  upper  side  of 
splice  when  reacting  from  load  and  to  consequent  rupture.  I  much 
prefer  the  Sayre  type  of  splice  as  remedying  this  defect  and  that  of  the 
insufficient  bearing  for  rail  head. 

I  inclose  a  form  of  rail  section,  Fig.  20,  which  appears  to  me  the 
best  answer  I  can  give  to  the  last  circular  of  the  committee,  which,  how- 
ever, I  answer  also  categorically. 

From  my  observation  the  faults  of  our  rail  section  and  joints  are  as 
follows  : 

First. — Too  little  bearing  for  the  wide  treads  of  the  wheels,  and 
consequent  grooving  or  double  flanging  of  wheels  and  rapid  wear  of 
rails. 

Second. — Too  little  bearing  for  the  splice  bars  on  the  head  of  the 
rail. 

Third. — Too  narrow  a  bearing  on  the  tie,  and  consequent  rapid  cut- 
ting down  of  the  latter. 

Fourth. — Too  great  a  bottom  flange  of  the  splice  bars,  leading  to  a 
low  position  of  the  neutral  axis  of  the  bar  and  to  a  great  separation  of 
the  neutral  axis  of  the  rail  and  splice  bar. 

The  result  of  the  latter  is  injurious  to  the  splice,  by  diminishing  its 
efficiency  through  its  iTUsymmetrical  form. 

The  effect  of  the  Avant  of  coincidence  of  the  neutral  axes  of  rail  and 
splice  is  somewhat  difficult  to  predicate,  but  the  difference  of  propor- 
tional elongation  of  the  top  and  bottom  members  of  each  under  similar 
stresses  cannot  but  be  unfavorable  to  the  member  w'hich  is  always 
weaker,  viz.,  the  splice. 

The  section  I  jjresent,  it  will  be  observed,  is  made  up  of  the  Michigan 
Central  and  Lehigh  Valley  splices  by  adopting  what  I  consider  the  good 
features  of  each. 

I  retain  the  broad,  flat  and  shallow  head  of  the  former  while  flaring 
its  sides  to  get  bearing,  and  thinning  the  base  and  adding  i  of  an  inch 
to  its  width. 
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I  think  the  records  will  show  that  few,  if  any,  steel  rails  have  failed 
from  being  too  shallow  in  the  head  or  too  thin  in  the  base,  though  some 
of  these  rails  have  been  worn  down  in  use  far  below  the  point  at  which 
the  surface  of  the  head  becomes  too  uneven  for  good  riding. 


My  increase  of  base  width  is  smaller  than  is  desirable,  and  than  will 
be  found,  in  my  opinion,  practicable,  but  it  is  a  gain  of  5  per  cent,  in 
resistance  to  the  cutting,  without  resort  to  a  bearing  plate.  The  latter 
will,  I  believe,  be  found  in  use  open  to  the  objections  of  noisiness, 
which  is  so  unpleasant  in  the  chair  rail  when  the  greatest  care  is  not 
taken  to  keep  the  fastenings  tight. 

An  incidental  advantage  of  a  flaring  head  is  that  the  width  of  metal 
to  be  worn  off  increases  with  the  wear,  which  will  have  a  tendency  to 
check  unequal  wear  of  the  top. 

D.  J.  "Whittemore,  Past  President,  Am.  Soc.  C.  E. — I  have  presented 
my  views  on  this  general  subject  in  a  paper,  and  in  replies  to  discus- 
sions upon  that  paper;  I  will  only  add  that  I  utterly  fail  to  see  any 
reason,  theoretical  or  mechanical,  for  having  a  curved  top  to  rail  beyond 
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what  is  necessary  to  provide  for  corner  curves,  wliere  the  wear  must 
necessarily  be  unequal  through  the  oscillation  of  wheel  on  rails  by  differ- 
ence of  gauge  of  wheels  and  track.  Beyond  these  corner  curves  the 
rail  should  be  of  such  width  as  to  permit  a  bearing  subject  to  practi- 
cable uniform  pressures,  and  this  bearing,  I  contend,  should  be  straight 
and  not  curved,  and  that  such  a  bearing  is  entirely  practicable  when- 
ever rails  and  wheels  are  properly  constructed. 

I  shall  be  prepared  to  believe  that  there  should  be  no  anxious  effort 
to  increase  the  contact  between  wheels  and  rail  whenever  it  can  be 
proven  that  the  sharp  edge  of  a  razor  can  be  drawn  across  one's  throat 
with  the  same  immunity  against  injury  as  its  back,  and  not  before. 


AMERICAN  SOCIETY  OF  CIVIL  ENaiNEERS. 

INSTITUTED    1852. 


TRANSACTIONS. 

Note. — This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced  in 
any  of  its  publications. 


426. 

(Vol.  XXI.— November,  1889.) 


EXPERIMENTS    RELATING   TO   HYDRAULICS   OF 
FIRE  STREAMS. 


By  John  E.  Freeman,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 

Although  the  hydraulics  of  fire  streams  may  seem  but  an  unimport- 
ant special  branch  of  the  science  of  hydraulics,  yet  when  we  consider 
that  in  the  United  States  alone  there  is  property  to  the  value  of  upward 
of  one  hundred  million  dollars  destroyed  by  fire  each  year,*  and  that 
probably  twenty-five  million  dollars  per  year  more  is  expended  in 
maintaining  fire  departments,  investigation  in  detail  of  the  scientific 
princijjles  governing  the  customary  means  of  delivering  water  for 
extinguishing  fires  appears  amply  justified.  That  the  skill  of  the 
engineer  may  find  a  most  worthy  field  of  action  in  the  prevention  of 
loss  by  fire  is  illustrated  in  the  unparalleled  immunity  from  serious  fire 
loss  enjoyed  by  the  great  cotton  factories  of  Lowell,  where  for  many 
years  the  arrangements  for  supplying  water  for  extinguishing  fire  have 
been  under  the  direct  care  of  the  honored  "Past  President  of  our  Society, 
Mr.  James  B.  Francis. 

The  experiments  to  be  described  were  mostly  made  in  the  latter  part 
of  the  year  1888,  and  it  is  believed  that  in  completeness  and  in  eff'ort  to 

*  See  article  by  Edward  Atkinson,  on  Slow  Burning  Construction,  Century  Magazine,  Feb- 
ruary, 1889. 
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secure  a  liigli  degree  of  accuracy  they  form  the  most  reliable  series  of 
experiments  on  fire  streams  yet  unclertaken. 

The  subjects  investigated  were  : 

First. — Co-efficient  of  discharge  of  nozzles  of  various  forms. 

Second. — Loss  of  pressure  by  friction  in  fire  hose  with  interior  sur- 
face of  various  degrees  of  smoothness. 

Tliird. — Effect  of  curves  in  line  of  fire  hose  upon  loss  of  pressure. 

Fourth. — Effect  of  reduction  of  area  of  waterway  at  couplings  upon 
loss  of  pressure  in  hose. 

Fifth. — Height  and  distance  reached  by  jets  of  water  under  various 
pressures. 

>S'/x^/^.  — Influence  of  size  of  jet  upon  height  attained  under  a  given 
pressure. 

Seventh. — Comparative  efficiency  of  various  kinds  of  nozzles. 

Eighth. — Distribution  of  velocity  in  jets. 

Finalli/,  realizing  the  aversion  of  the  busy,  practical  man  to  algebraic 
formulas  and  to  lengthy  computations,  the  final  practical  results  have  been 
embodied  in  tables  covering  the  range  of  sizes  and  pressures  commonly 
met  in  practice.  Much  care  has  been  taken  to  secure  accuracy  in  these 
tables,  the  computations  and  stereotype  proofs  having  been  verified  by  a 
second  party. 

As  a  sort  of  preliminary  index  to  the  results  attained,  we  may  say : 

1st.  DiscHAEGE. — [a.)  The  fire-stream  tables  heretofore  in  most  gen- 
eral use  were  found  to  underestimate  discharge  of  nozzles  of  a  given 
size  under  a  given  pressure  by  from  15  to  20  per  cent.     (Page  327.) 

{b.)  Uniformity  of  co-efficient  of  discharge  for  smooth  nozzles  of  dif- 
ferent forms,  and  with  the  ordinary  difference  in  smoothness  of  finish 
by  different  workmen,  found  such  as  to  enable  measurements  of  dis- 
charge of  water  under  high  pressure — as,  for  example,  the  delivery  of  a 
pumicing  engine — to  be  made  with  great  accuracy  by  means  of  nozzles; 
the  degree  of  accuracy  thus  obtainable  being  fully  as  great  as  by  weir 
measurement.     (Pages  330  to  333. ) 

(c. )  The  very  accurate  measurement  just  referred  to  requires  the  press- 
ure to  be  measured  at  point  near  base  of  nozzle  or  play-pipe,  so  called, 
by  means  of  carefully  made  piezometers,  and  requires  careful  caliper- . 
iug  of  the  orifice  of  discharge.  The  values  for  discharge  given  in  tables 
on  pages  422  to  433,  may  in  some  cases  serve  for  these  accurate  measure- 
ments, but  since  the  exact  size  of  orifice  is  likely  to  difi'er  by  a  few 
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thousandths  of  an  inch  from  those  given  in  tables,  or  since  it  may  be 
exi:)edieut  to  attach  piezometer  upon  a  waterway  of  other  than  2 J  inch 
diameter,  si:)ecial  computation  will  generally  be  necessary. 

For  quick  approximate  measurements  of  discharge,  the  tables  given  on 
pages  4i4  to  447  have  been  computed  from  the  results  of  the  experiments. 

2d.  Friction  Loss  in  Hose. — (a.)  The  actual  diameter  of  each  piece 
of  hose  was  measured.  It  was  found  that  hose  of  various  makes,  all  nom- 
inally 2^  inch,  varied  from  2-/u  to  2|  inches  in  internal  diameter.  This 
alone  would  make  about  50  per  cent,  difference  in  loss  of  pressure  by 
friction,  and  indicates  thnt  previous  data,  based  solely  on  nominal 
diameter,  is  not  reliable  for  determining  comijarative  loss  in  different 
kinds  of  hose.     (Page  352.) 

[b.)  The  character  of  the  internal  surface  of  fire  hose  was  found  to 
affect  the  loss  of  pressure  by  friction  to  a  much  greater  degree  than  gen- 
erally supposed.     (Page  347.) 

(c.)  As  a  result  of  these  experiments,  certain  leading  makers  of  ordi- 
nary rubber  lined  cotton  fire-hose  have  beea  induced  to  slightly  modify 
process  of  manufacture,  and  without  materially  adding  to  the  cost  have 
increased  smoothness  of  interior  so  as  to  decrease  the  friction  loss,  in  cer- 
tain grades  of  hose  which  are  much  used,  by  40  per  cent.     (Page  347.) 

((/.)  The  degree  of  roughness  of  interior  surface  of  waterway  was 
determined  and  recorded  by  means  of  plaster  casts  and  photographs 
with  an  exactness  such  as  to  give  information  of  quantitative  value  as  to 
co-efficient  of  roughness  in  the  Kutter  or  other  formulas.     (Figure  47.) 

{e.)  Certain  of  these  hose  experiments  are  of  interest  as  data  for  the 
study  of  the  flow  of  water  in  pipes  under  very  high  velocities,  and  indi- 
cate that  while  loss  varies  nearly  in  simple  ratio  to  the  square  of  the 
mean  velocity,  yet  there  is  a  well  defined  divergence  fi'om  this  law. 
(Page  356.) 

3d.  An  Increase  in  Size  of  Fire  Hose  recommended. — (Page 
366.)  Curves  of  any  radius  possible  without  cramping  the  hose  were 
found  to  retard  flow  but  little.  The  natural  ordinary  sinuosity  of  a  line 
of  ordinary  fire  hose  was  found  to  increase  friction  only  about  5  per 
cent.,  and  some  rather  curious  results  were  obtained,  indicating  that 
within  certain  limits  the  loss  due  to  a  given  auiQunt  of  curvature  was 
greater  for  a  large  radius  than  for  a  small.     (Page  361.) 

4th.  The  loss  of  pressure  for  sudden  reduction  and  enlargement  of 
area  of  water-way  (as  by  use   of  coui^lings  of  small  diameter)   found 
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to  agree  fairly  well  with  the  theory  that  it  equals  the  head  correspond- 
ing to  the  diflerence  in  velocity  due  to  passing  from  contracted  channel 
to  the  larger  section,     (Page  368.) 

5th.  Jets.  —  (a.)  Previous  exijeriments  on  jets  were  very  few,  and 
records  of  these  previous  experiments  gave  only  the  height  or  distance 
attained  by  the  extreme  scattering  drops  ;  a  fact  of  almost  no  value  to 
the  practical  fire  engineer.  In  these  experiments  much  care  was  taken 
to  also  note  the  extreme  limit  at  which  the  jet  would  serve  as  a  practical 
fire  stream.     (Page  373.) 

6th.  Jets. — (a.)  The  Box  formula  for  height  of  jets  found  approxi- 
mately correct  for  fire  streams  of  ordinary  size,  but  found  not  to  express 
accurately  the  variation  in  height  due  differences  in  diameter  of  jet. 
Diagrams  for  practical  use  in  computing  height  to  which  jets  will  rise 
under  a  given  pressure  are  presented.     (Figures  56  and  57. ) 

7th.  Jets  from  about  forty  difi'erent  nozzles  were  compared  in  the 
endeavor  to  find  the  form  giving  the  most  perfect  jet.     (Page  393.) 

(a.)  Smooth  nozzle  was  found  to  give  a  jet  a  little  superior  to  that 
from  a  ring  nozzle,  by  comparison  so  arranged  as  to  give  thoroughly 
reliable  resiilts.     (Page  406.) 

{b.)  "Uniform  acceleration  nozzle"  was  found  to  give  no  better  jet 
than  conical  nozzle.     (Page  401.) 

(c.)  A  smooth  conical  nozzle  was  found  to  give  the  best  results  of 
any  tried.     (Page  394.) 

8th.  Distribution  of  velocity  found  to  be  uniform  throughout  cross- 
section  of  jet  from  the  best  nozzles,  except  in  immediate  vicinity  of  walls 
of  orifice.     (Page  411.) 

9th.  Actual  velocity  of  discharge  in  central  i^ortion  of  jet  from  both 
sharp-edged  and  conical  orifices  was  found  to  equal  the  full  theoretical 
velocity,  and  that  co-efficient  of  mean  velocity  of  discharge  is  less  than 
unity  is  found  to  be  due  to  retardation  close  to  walls  of  orifice.  (See 
jjage  414.)  

In  making  testa  of  the  delivery  of  various  pumps,  the  writer  had 
noted  a  serious  discrepancy  between  the  plunger  displacement  and  the 
discharge  as  given  by  the  ordinary  Ellis  tables  for  fire  streams,  and  in 
the  case  of  some  three  or  four  large  pumps,  which  were  new  and  ap- 
parently in  excellent  condition  (one  being  an  excellent  two-million-gal- 
lon water-works  engine),  this  difference  appeared  greater  than  could 
with  reason  be  charged  to  "loss  of  action  "  in  the  pumi>.     Being  thus 
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led  to  examine  the  Ellis  tables  more  closely  and  to  compare  different 
authorities,  such  disagreement  was  found  that  recourse  to  accurate 
experiment  seemed  necessary,  if  we  were  to  have  a  reliable  basis  for 
estimates  regarding  fire  streams. 

The  writer's  interest  in  the  matter  thus  grew  out  of  a  desire  for 
better  information  upon  points  connected  with  his  duties  as  hydraulic 
engineer  to  an  association  of  insurance  companies. 

The  expense  of  the  experiments  was  borne  mostly  by  certain  insurance 
companies,  known  collectively  as  the  Associated  Factory  Mutual  In- 
surance Companies  of  New  England  (and  Pennsylvania).  These  com- 
panies are,  in  jioint  of  fact,  associations  of  leading  manufacturers  for 
mutual  protection  against  fire,  and  the  business  of  these  companies  is 
conducted  on  the  theory  that  their  organization  is  as  much  for  the 
purpose  of  preventing  or  reducing  loss  by  fire,  as  it  is  for  the  pur- 
pose of  adjusting  or  distributing  the  loss  when  a  fire  does  occur. 

The  experiments  were  made  at  Lawrence,  Mass. ,  on  the  premises  of 
the  Washington  Mills  Company,  who  very  kindly  placed  at  our  disposal 
their  excellent  new  fire  pump  and  hydrant  system,  comprising  fire 
pumps  of  a  total  nominal  capacity  of  three  thousand  gallons  per  minute 
and  16-inch  pipes.  This  hydrant  system  was  also  connected  with  the 
city  water-works  by  a  pipe  16  inches  in  diameter,  fed  in  turn  through  a 
main  distribution  system,  whose  pipes  are  of  unusually  ample  size,  and 
supplied  by  gravity  from  a  forty-million-gallon  reservoir.  The  Law- 
rence City  Water  Board  generously  co-operated  in  the  experiments  by 
permitting  the  free  use  of  this  supply. 

This  gravity  supply  gave  at  the  site  of  the  experiments  a  hydrant 
pressure  of  about  73  pounds  i)er  square  inch,  and  in  nearly  all  of  the 
experiments,  or  in  all  cases  where  this  pressure  was  high  enough  to 
serve  the  purpose,  this  "  City  Reservoir  water  "  was  used  because  of  the 
superior  steadiness  of  the  jiressure. 

In  cases  where  a  higher  pressure  was  required  the  water  was  supplied 
by  one  of  the  mill  fire  pumps;  in  some  experiments  a  Fales  &  Jenks' 
No.  4  rotary  fire  pump,  and  in  others  a  No.  1  Holyoke  rotary  pump 
being  used.  These  pumps  drew  Merrimack  River  water  from  the  main 
canal,  and  the  "  City  Reservoir  water  "  was  also  taken  from  the  Merri- 
mack about  li  miles  up  stream. 

In  these  experiments  where  i^ump  jiressure  was  used,  a  large  air 
chamber  for  removing  the  hammer  of  the  pump  was  very  simply  ex- 
temporized by  first  drawing  off  the  water  from  the  fire-pipes  within  the 
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adjacent  mill,'  and  after  these  were  thus  filled  -with  air,  then  again  oi^en- 
ing  the  gates  to  them  from  the  ground  mains. 

During  none  of  the  experiments  was  the  water  turbid  or  noticeably 
different  from  its  ordinary  normal  condition.  Analyses  made  by  the 
chemist  of  the  Massachusetts  State  Board  of  Health  at  various  times 
during  the  experiments  showed  water  drawn  from  the  same  source  to 
contain  a  residue  on  evaporation  of  about  four  parts  per  one  hundred 
thousand.  The  sj)ecific  gravity  of  a  natural  water  may  be  affected  by 
dissolved  gases  in  such  a  way  as  to  in  part  neutralize  the  effect  of  the 
solid  matter  contained,  and  it  is  i^robable  that  this  water  differed  in 
weight  from  distilled  water  no  more  than  would  correspond  to  xSir 
liounds  per  square  inch  in  a  column  1  000  feet  high. 

The  units  of  pounds  joer  square  inch  for  pressures,  and  of  United 
States  gallons  of  231  cubic  inches  per  minute  for  discharges,  Avere 
adopted,  by  reason  of  these  being  the  units  most  commonly  used  by 
fire  engineers,  ijumi?  builders  and  Avater-works  superintendents,  although 
the  writer  recognizes  that  in  general  it  is  desirable  for  the  hydratilic 
engineer  to  state  water  pressures  in  feet  head,  and  discharges  in  cubic 
feet  per  second. 

In  computing  velocities  the  excellent  tables  in  Francis'  "  Lowell  Hy- 
draulic Experiments  "  were  used. 


5^^ 
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Measurements  of  Water  Pressure. 

The  writer  believes,  as  the  result  of  considerable  experience,  that 
the  ordinary  Bourdon  gauge  is  not  by  itself  a  sufficiently  accurate  and 
unvarying  instrument  for  first-class  scientific  work  such  as  requires 
accuracy  within  1  or  2  per  cent.,  by  reason  of  the  frequent  derange- 
ments and  change  of  scale  to  which  even  the  best  Bourdon  test  gauges 
are  liable.  Therefore  the  standard  gauge  adopted  for  measurement  of 
pressures  in  these  experiments  was  an  open  mercury  column.  Two  semi- 
portable  gauges  of  this  kind  (see  Fig.  1)  were  constructed  especially  for 
these  experiments,  and  these  mercury  gauges  were  used  almost  exclu- 
sively in  all  the  following  experiments  on  friction  loss  in  hose,  discharge 
of  nozzles,  comparative  efficiency  of  nozzles,  and  height  of  jets. 

Two  excellent  Crosby  test  gauges  and  one  Ashcroft  standard  test 
gauge  were  at  hand,  but  wei'e  used  only  in  some  of  the  minor  determina- 
tions, and  were  frequently  verified  by  comj)arison  with  the  mercury 
columns  and  corrected  accordingly. 

These  mercury  columns  were  each  20  feet  in  height,  reading  to  about 
117  pounds  per  square  inch  pressure.  Their  scales  were  graduated  to 
read  directly  in  pounds  per  square  inch,  and  to  include  the  correction 
for  lowering  of  surface  of  mercury  in  cistern. 

The  mercury  was  procured  from  Mr.  Huddleston,  the  well  known 
barometer  maker,  who  stated  it  to  be  pure.  The  vahie  13.563  for  speci- 
fic gravity  of  mercury  at  60  degrees  Fahr.  was  adopted.  (Authority, 
Eegnault,  P.  A.,  62-50.  See  Clark's  Constants  of  Nature.)  The  weight 
of  a  cubic  inch  of  water  at  0  degrees  C.  was  taken  as  0.03610  jDounds,  on 
authority  of  J.  B.Francis,  "Lowell  Hydraulic  Experiments,"  page  29; 
and,  therefore,  by  comparison  we  derive  weight  of  1  cubic  inch  of  mer- 
cury at  60  degrees  Fahr.  =0.4896  pounds.  Height  of  mercury  column 
corresponding  to  1  pound  per  square  inch  =  2.0i25  inches.  The 
diameter  of  glass  tube  was  about  -rn  inches  or  about  the  same  as  for 
an  ordinary  barometer  and  diameter  of  cistern  3  inches. 

Therefore,  to  compensate  for  lowering  of  mercury  surface  in  cistern, 
scale  of  this  instrument  was  graduated  with  1  pound  i^er  square  inch  = 
2.0343  inches. 

Error  due  to  capillarity  in  the  -pg-  inch  tube  was  avoided  by  setting 
scale  to  read  zero  when  i:)ressure  was  zero,  amount  of  mercury  in  cistern 
having  been  previously  adjusted  so  that  its  surface  was  just  at  level  of 
entrance  into  cistern  of  tube  transmitting  the  pressure.  Since  there  was 
occasionally  a  slight  loss  of  mercury  while  forcing  water  through  tubes 
and  cistern,  for  making  sure  of  absence  of  air  bubbles  in  tubes,  note  was 
made  before  and  after  each  set  of  experiments  of  reading  of  mercury 
column  with  pressure  removed,  and  mercury  was  added  to  bring  column 
up  to  the  zero  level  if  necessary,  or  a  slight  correction  made  to  the 
observed  reading. 

For  the  benefit  of  future  experimenters  in  hydraulics,  I  would  say 
that  these  semi-portable  mercury  columns  proved  very  satisfactory  in 
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their  operation.  Very  little  of  the  difficulty  of  leaky  joints  noted  by 
M.  Dai-cy  was  met  with,  mainly  because  we  profited  by  his  experience, 
used  a  less  cumbrous  form  of  apparatus,  and  avoided  joints  wherever 
possible,  making  glass  tube  in  only  two  pieces,  and  joining  these  by 
heavy  rubber  tube  containing  cloth  insertion,  tightly  wired  on.  Joints 
in  iron  fittings  need  to  be  very  much  closer  to  hold  mercury  than  to 
hold  water,  and  as  the  ordinary  taper-screw  pipe- joint  will  be  found  to 
give  trouble,  nothing  but  an  accurate  "  shoulder  fit "  should  be  used. 
Cisterns  were  made  of  wrought-iron  with  welded  joints,  and  interior  of 
cistern  and  iron  connections  was  jajDanned  after  putting  together,  to  in- 
crease tightness  and  prevent  rust. 

As  stated  above,  the  graduation  assumed  the  diameter  of  the  glass 
tubes  to  be  fV  inch.  These  tubes  were  afterwards  accurately  calibrated 
by  noting  weight  of  mercury  required  to  fill  them  to  certain  heights, 
and  corresponding  corrections  deduced.  For  gauge  A  maximum  cor- 
rection at  100  pounds  =  —  0.08  pounds,  and  for  gauge  5  -f  .01  joounds. 
This  result  was  exactly  confirmed  by  jalacing  the  two  gauges  side  by 
side,  and  subjecting  both  to  identical  pressures  through  nearly  their 
whole  range. 

In  a  gaiige  of  this  construction  the  lowering  of  the  surface  of  mer- 
cury in  cistern  lowers  the  datum  of  the  gauge;  but  the  variation  due  to 
this  cause  for  50  pounds  pressure,  for  instance,  would  be  only  0.02 
pounds  per  square  inch,  and  thus  almost  inappreciable.  Variation  of 
20  degrees  Fahr.  in  temperature  of  mercury,  from  60  to  80  degrees, 
would  affect  indication  of  gaiage  only  about  two  part,  while  it  would 
aflfect  a  water  column  two- 

All  things  considered,  it  would  seem  reasonable  to  expect  these  mer- 
cury gauges,  including  corrections  applied,  to  measure  a  pressure 
correctly  within  one-tenth  of  1  per  cent. 

The  datum  plane  to  which  all  heads  and  pressures  were  referred  was 
a  level  j^lane  passing  through  center  of  orifice  of  discharge  of  nozzle. 
It  was  in  the  first  place  established  and  marked  at  convenient  jjoints 
near  by  all  gauges  and  nozzle  rest  by  means  of  a  very  accurate  engineer's 
level. 

The  intention  was  to  set  center  of  nozzle  orifice  and  the  zero  point 
of  all  gauges  exactly  at  this  level;  but  as  it  was  rather  difficult  to  do 
this  Avith  great  exactness,  the  gauges  and  the  nozzles  were  set  to  coincide 
with  the  datum  marks  approximately,  and  then,  as  a  further  check  in- 
tended to  lessen  errors  possible  from  capillarity,  air  bubbles,  defective 
graduation  or  error  of  measurement,  etc.,  their  relative  heights  were 
very  carefully  verified  by  water  leveling,  immediately  after  each  series 
of  exiaeriments,  before  disturbing  apparatus.  That  is,  the  gauges  were 
compared  at  various  pressures  by  closing  end  of  hose  at  nozzle,  so  there 
should  be  no  current,  and  so  that  the  hose  thus  served  meanwhile 
merely  as  a  free  channel  of  communication  between  the  gauges,  which,  if 
correct  and  set  exactly  level,  should  iinder  those  circumstances  read  alike. 
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The  elevation  of  orifice  of  nozzle,  relatively  to  zero  of  gauge  con- 
nected therewith,  was  similarly  verified  by  water  levels,  by  connecting 
an  open  glass  tube  about  1  inch  diameter  (or  large  enough  to  avoid 
sensible  error  by  capillarity)  to  nozzle  by  a  rubber  tube  1  inch  in 
diameter  by  1  foot  long.  Then,  after  filling  the  hose  from  the  hydrant, 
and  carefully  closing  hydrant  gate  so  water  would  just  rise  to  some  cer- 
tain mark  on  the  glass  tube— say,  for  instance,  1.000  foot  above  level  of 
center  of  orifice — the  pressure  gauge  was  read  at  same  time.  By  using 
several  repetitions  these  comparisons  furnished  very  accurate  means  for 
determining,  imder  the  exact  conditions  of  the  experiments,  the  slight 
errors  of  adjustment  of  gauges.  Corrections  as  thus  determined  have 
been  applied  in  all  cases.  Great  care  was  taken  to  avoid  errors  due  to 
air  bubbles  in  connections. 

Although  a  difiFerenc(^  of  pressure  of  .01  i^ouud  was  revealed  by  the 
gauges,  and  the  observations  were  recorded  to  hundredths  of  a  pound, 
yet,  owing  to  possible  errors  in  the  gauge  itself,  such  as  those  mentioned 
on  page  8,  and  slight  errors  in  determining  the  level  of  the  gauge  rela- 
tive to  datum  plane,  I  consider  that  any  set  of  readings  may,  perhaps, 
be  in  error  by  not  more  than  0. 15  pound,  except  that  in  some  cases, 
when  supply  came  from  the  pumps,  this  limit  of  error  may  have  been 
slightly  inci'eased  by  uncertainty  due  to  fluctuations  of  jiressure. 

PlEZOMETEES. 

For  measuring  the  water  pressure  within  the  hose  at  any  required 
point,  and  for  measuring  the  pressure  existing  at  base  of  play-pipe,  use 
was  made  of  piezometer  couplings  of  the  form  shown  in  Fig.  2. 


'^\\\\'\'\\\v\\\'v\\\\\\\\'4j  il-\^!i?S$<^^ 
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The  one  sliowrr  was  of  an  internal  diameter  of  2.50  inches,  and  was 
used  in  all  exi^eriments  on  2j-inch  hose  and  nozzles  adajjted  for  the 
same.  Three  piezometer  couplings  of  this  size  were  provided.  Others 
of  2i  and  2  inch  diameter  were  provided  for  use  in  exj^eriments  on  hose 
of  these  sizes. 

This  piezometer  coupling  consisted  mainly  of  a  brass  tube  about  5^ 
inches  long,  which  when  in  place  formed  part  of  the  line  of  hose.  The 
interior  was  bored  out  and  finished  with  much  care,  and  great  care  was 
taken  that  the  piezometric  orifices  in  the  walls  of  the  tube  should  be 
normal  to  the  siarface  and  without  any  burr  at  edge. 

There  were  four  of  these  i-inch  piezometric  orifices,  all  in  the  same 
plane  of  cross-section,  90  degrees  apart,  and  about  4  inches  down  from 
the  up-stream  end  of  the  tube.  All  communicated  with  each  other  by 
an  exterior  channel  or  chamber  encircling  the  tube,  and  the  pressure 
gauge  was  connected  to  this  chamber.  This  arrangement  was  devised 
with  the  object  that  if  direction  of  current,  by  reason  of  bends  or  dis- 
turbances up  stream,  happened  to  impinge  a  little  harder  on  one  side  of 
the  conduit  than  the  other,  the  piezometric  reading  should  not  thereby 
be  rendered  erroneous,  but  should  indicate  the  mean  pressure  existing 
on  the  walls  in  that  cross-section.  We  may  remark  that  neglect  of  some 
such  precaution  may  lead  to  very  noticeable  error.  It  may  be  well  to 
add  in  this  connection  that  certain  anomalous  results  in  various  experi- 
ments upon  flow  of  water  in  pipes  which  have  made  some  observers 
question  the  general  accuracy  of  piezometric  indications  may  doubtless 
be  due  to  surface  not  being  exactly  parallel  to  current  or  to  a  projec- 
tion of  the  piezometric  orifice  within  the  main  conduit.  Thus,  for 
instance,  in  the  case  of  hose,  if,  with  a  good  fire  stream  flowing,  it  was 
attempted  to  measure  pressure  through  a  piece  of  I-inch  gas  pipe 
screwed  into  a  hole  drilled  in  a  coupling  and  projecting  1  inch  inside, 
the  indicated  pressure  might  be  from  1  to  2  pounds  per  square  inch 
in  error.* 

Measurement  of  Quantity  Discharged. 

The  number  of  gallons  per  minute  discharged  in  all  experiments  on 
friction  in  hose  and  upon  delivery  of  nozzles  was  measured  in  a  tight 
and  rigid  rectangular  tank  holding  about  1  350  gallons,  built  of  heavy 


*  In  this  connection  see  the  very  complete  experiments  upon  piezometers  by  Hiram  F. 
'Mills,  Proceedings  American  Academy  Arts  and  Science,  1878. 
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l)lank  and  smoothly  lined  with  sheet  zinc,  with  joints  soldered  perfectly 
tight.  Its  area  was  determined  by  the  average  of  lengths  and  widths 
measured  at  about  twenty  dififerent  points,  and  the  height  of  water  in  it, 
immediately  before  and  after  experiment,  was  determined  by  the  glass 
tube  of  about  1  inch  inside  diameter  (by  this  large  diameter  avoiding 
errors  due  to  cajullary  attraction),  to  which  was  attached  a  scale  very 
accurately  graduated  to  hundredths  of  a  foot,  and  read  by  estimation  to 
ToVo-  foot. 

With  the  possible  sources  of  error  in  view,  I  think  that  in  general 
the  error  iu  any  single  measurement  of  quantity  did  not  exceed  one- 
third  of  1  per  cent.     This  tank  is  shown  in  Fig.  3. 

The  discharging  nozzle  was  only  3^  feet  distant  from  this  tank. 
It  pointed  upward  at  an  angle  of  30  degrees,  thus  simulating  natural 
conditions;  and  in  the  intervals  between  the  experiments  nozzle  was 
deflected  slightly  to  one  side  and  the  jet  wasted  and  fell  into  the  river 
south  of  the  tank.  When  all  was  ready  for  the  experiment,  by  deflect- 
ing the  nozzle  and  hose  pipe  back  into  line,  the  water  from  it  was  caught 
iu  a  hood  which  deflected  it  all  downward  into  the  tank.  Thus  to  get 
the  number  of  gallons  discharge  per  minute  the  water  was  first  allowed 
to  get  into  a  settled  condition  of  steady  flow  in  the  hose,  then  by  a 
slight  motion  of  the  hose  pipe  the  jet  was  deflected  into  the  tank,  and 
when  the  tank  was  nearly  filled  was  deflected  out  again,  the  time  of  fill 
being  taken  by  a  stop  watch  read  to  tenths  of  seconds.  The  error  in 
measurement  of  time  of  filling  could  not,  I  think,  often  exceed  one- 
fifth  of  1  i)er  cent.,  and  generally  was  less. 

Thus  I  think  that  in  general  we  may  rely  upon  a  single  measure- 
ment of  the  number  of  gallons  per  minute  discharged  by  the  nozzle  as 
correct  within  one-half  of  1  per  cent.,  and  that  the  average  results  of  a 
series  would  be  much  closer. 

Co-efficient  of  Discharge  of  Nozzles. 

In  many  experiments  the  friction  loss  in  a  given  sample  of  hose  due  to 
a  certain  rate  of  flow,  and  also  the  co-efiicient  of  discharge  of  a  given  noz- 
zle attached  to  this  hose  due  to  a  certain  pressure,  were  determined  simul- 
taneously. In  such  cases  the  mercury  gauge,  Fig.  3,  served  to  indi- 
cate the  pressure  on  the  play-pipe  actuating  the  discharge,  and  at  the 
same  time  served  also  to  show  the  pressure  at  the  down-stream  end  of 
the  line  of  hose. 
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In  other  experiments  the  sole  attention  was  given  to  determining  the 
pressure  existing  at  base  of  a  given  play-pipe  and  the  corresponding 
number  of  gallons  per  minute  discharged;  but  in  all  experiments  on 
discharge  the  nozzle  and  play-pij)e  were  connected  to  a  line  of  hose, 
and,  as  nearly  as  jjossible,  under  the  practical  conditions  of  use.  It 
will  be  noted  from  Fig.  3  that  for  a  distance  of  3  feet  up  stream  from 
play-pipe  piezometer,  hose  was  laid  straight. 

One  observer  observed  and  recorded  the  reading  of  mercury  pressure 
gauge  each  half  minute.  Thus  the  value  obtained  for  each  experiment 
was  the  mean  of  from  six  to  twelve  independent  observations  and 
the  error  from  slight  variations  of  hydrant  pressure  was  reduced 
to  a  minimum.  Such  fluctuations  were  small.  When  water  from  city 
reservoir  was  used,  as  was  the  case  in  all  experiments  except  those  with 
very  high  pressures,  the  general  range  of  fluctuation  in  the  course  of  an 
experiment  did  not  exceed  i  or  J  pound,  and  between  successive  obser- 
vations did  not  exceed  from  0.1  to  0.2  pound.  In  those  experiments 
under  high  pressures,  when  supply  was  furnished  by  a  large  rotary  fire 
pump,  the  fluctuation  between  successive  observations  of  pressure  gauge 
at  nozzle  was  often  one-half  pound. 

Taking  all  the  known  possible  sources  of  error  into  consideration,  I 
think  we  may  feel  confident  that  the  head  acting  on  centre  of  orifice  of 
discharge  is  determined  within  0.20  pound  for  pressures  from  reservoir, 
and  within  0.50  pound  for  pressure  from  pump,  and  that  the  averages  of 
series  of  experiments  are  closer.  An  examination  of  the  plotted  results 
or  of  tables  1  to  4  shows  the  agreement  of  the  different  experiments  to 
be  well  inside  the  limits  of  error  just  stated. 

The  orifices  were  all  calijaered  by  the  writer  with  much  care  with 
fine  micrometer  calipers,  and  except  in  one  or  two  instances  where  the 
orifice  was  apjiarently  not  quite  cylindrical  it  is  believed  that  the 
recorded  figure  is  correct  within  xoinr  inch.  In  the  undercut  ring 
nozzles  it  was  difficult  to  determine  the  diameter  at  the  exact  poiilt 
governing  the  size  of  stream,  by  reason  of  the  appreciable  dullness  of 
the  edge  ;  but  these  are  believed  to  be  not  more  than  tojsix  inch  in 
error,  and  the  square  ring  nozzles  not  more  than  td^jtj-. 

To  sum  the  whole  matter  up,  we  may  have  confidence  that  in  general 

our  determinations   of  the   co-efficient  of  discharge   of  nozzles  were 

certainly  correct  within  one-half  of  1  per  cent.,  and  that  probably  the 

mean  of  the  A'alues   found  for  a  given  nozzle  was  correct  within  a 

o  mewhat  smaller  limit. 
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The  temperatures  of  water  as  given  in  tlie  table  are  probably  correct 
within  one  or  two  degrees;  but  temperature  of  air  was  observed  with  less 
care,  and  as  at  times  one  23art  of  the  apjiaratus  was  in  the  sun  while 
another  was  in  the  shade,  this  is  perhajos  uncertain  to  the  extent  of  5 
degrees. 

The  following  tables,  taken  in  connection  with  the  drawings,  explain 
themselves. 

Table  No.  1  embraces  the  ordinary  range  of  sizes  found  in  the 
market,  and  these  nozzles  were  of  the  type  of  which  it  is  believed  more 
are  now  actually  used  than  any  other  single  style.  All  the  subsequent 
experiments  on  jets  indicated  that  this  style  (with  corner  at  end  of  cone 
slightly  rounded  as  in  Fig.  16)  equaled  in  efficiency  any  form  of  nozzle 
tried.  In  all  the  nozzles  of  Table  No.  1  the  corner  at  end  of  cone  was 
left  full  and  sharp,  except  so  far  as  slightly  rounded  by  the  final  finishing 
with  emery  cloth. 

By  reference  to  the  drawings  it  will  be  noted  that  there  was  with 
each  nozzle  a  slight  enlargement  of  waterway  at  end  of  play-pipe  within 
butt  of  nozzle  ;  it  being  the  practice  of  manufactiirers  to  give  a  slight 
excess  of  size  here,  so  as  to  be  on  the  safe  side  in  avoiding  the  projection 
of  a  sharp  corner  into  stream  as  in  Fig.  22. 

From  nozzle  D  (Fig.  15),  Table  No.  2,  it  will  be  seen  that  this 
slight  recess  or  enlargement  exerted  no  appreciable  influence  on  the  dis- 
charge, and  in  other  experiments  made  on  distance  and  character  of 
jets,  as  shown  in  Fig.  55,  it  was  found  impossible  to  detect  any 
difference  in  aj^pearance  of  stream  whether  the  recess  existed  or 
was  filled  by  the  thin  hollow  cone,  as  in  Fig.  15.  On  the  other  hand,  it 
was  found  by  similar  experiments  that  if  at  base  of  nozzle  there  was  a 
slight  projection  into  the  stream,  as  shown  in  Fig.  22,  nozzle  K,  not 
only  was  discharge  slightly  diminished  (as  shown  in  Table  No.  2),  but 
there  was  a  very  noticeable  "  tearing  to  i^ieces  "  of  the  jet. 

The  co-efficient  of  discharge  of  a  nozzle  throughout 
these  experiments  has  for  practical  convenience  been 
considered  as  that  due  to  the  play-pipe  and  nozzle 
combined,  a  taper  play-pipe  being  really  a  part  of  the 
nozzle. 

The  reason  for  the  slightly  larger  co-efficient  of  the  J  and  J -inch 
nozzles  is  due  to  the  relative  decrease  of  friction  loss  within  the  play- 
pipe  consequent  on  area  of  waterway  through  play-pipe  bearing  a  larger 
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ratio  to  area  of  nozzle,  and  tlie  smaller  co-efficient  of  the  ll-inch  nozzle 
is  due  to  the  relatively  small  size  of  throat,  or  small  end,  of  play-pijie. 

Table  No.  2  and  the  drawings  on  pages  318  to  322  are  of  interest,  first, 
as  showing  that  the  co-efficient  of  discharge  of  nozzles  is  not  very  sensi- 
tive to  peculiarities  of  form  or  finish  of  nozzle,  but  that  nozzles  of  same 
general  style  made  at  different  times  and  places  may  be  relied  upon  to 
give  for  a  given  jjressure  and  area  of  outlet  discharges  which  are  identi- 
cal within  the  practicable  limits  of  measurement;  and  the  table  is  of  in- 
terest secondly,  as  showing  by  agreement  of  independent  observations 
the  accuracy  of  the  means  adojjted  in  making  the  experiments. 

A  comparison  with  co-efficients  of  discharge  found  by  other  experi- 
menters is  interesting.  The  most  accurate  set  of  jprevious  experiments 
of  which  the  writer  has  knowledge  are  those  of  Edmund  B.  Weston,  M. 
Am.  Soc.  C.  E.,  made  at  Providence  in  1877,  and  reported  in  the 
Transactions  of  the  American  Society  of  Civil  Engineers,  November, 
1884.  The  description  there  given  merely  says  "the  quantity  of  water 
discharged  was  measured,"  but  gives  no  means  of  judging  of  the  pre- 
cision with  which  this  was  done.  His  pressures  were  measured  only  by 
good  Bourdon  gauges.  His  piezometer  coupling  was  attached  directly  to 
base  of  jDlay-pipe,  but  possessed  only  a  single  opening  for  communicat- 
ing j)ressure  to  gauge,  and  indication  may  thus  have  been  slightly 
influenced  by  any  obliqueness  of  current  due  to  bends  in  hose,  etc.  The 
degree  of  precision  with  which  diameter  was  measured  is  not  stated. 
As  the  mean  of  some  thirty-five  experiments  in  all,  under  heads  ranging 
from  about  17  to  57  pounds  per  square  inch  and  averaging  about  30 
pounds,  Mr.  Weston  obtained  the  following  vahies  for  the  co-efficient  of 
discharge  (see  his  diagram  No.  5)  : 

i  nozzle 974 

1         " 963 

U       "       .975 

Mean  value 971 

These  were  cone  nozzles  somewhat  similar  to  those  shown  in  Figs.  7 
and  13. 

It  is  thus  seen  that  although  the  conditions  for  accuracy  were  less  fav- 
orable than  m  the  experiments  now  presented,  they  agree  remarkably  well. 
Some  experiments  of  Hamilton  Smith,  Jr.,  M.  Am.  Soc.  C.  E.,  on 
discharge  under  extremely  high  heads,  may  be  of  interest  in  this  con- 
nection. (See  Hamilton  Smith,  Jr.'s  "  Hydraulics,"  New  York,  Wiley 
&  Sons,  1886,  pages  285  to  287,  also  page  207.) 


FKEEMAN    ON    HYDRAULICS    OF    FIRE   STREAMS.  327 

His  nozzles  were  such  as  are  used  in  conuectiou  Avitli  "hurdy-gurdy  " 
water  wheels,  and  the  part  corresponding  to  play-pijie  was  a  tapering 
pipe  (length  not  stated)  about  7  inches  in  diameter  at  biitt  and  4  inches 
at  beginning  of  nozzle  proper.  Thus  since  co-efficient  includes  fric- 
tion loss  within  this  "play -pipe"  pipe  in  both  cases,  Mr.  Smith's  co- 
efficient of  discharge  might  naturally  be  very  slightly  larger  than  the 
writer'.",  by  reason  of  this  larger  play-pipe,  and  the  slight  divergence 
or  small  increase  of  diameter  near  discharging  orifice  of  most  of  his 
smooth  nozzles  would,  though  probably  without  effect,  if  anything, 
make  values  a  very  little  larger. 

For  smooth  conical  nozzles  of  cast-iron,  about  1  iuch  and  Ij  inch 
diametar,  with  interior  surface  very  smoothly  finished,  length  of  nozzle 
being  about  12  inches  and  converging  from  about  4  inches  diameter 
at  its  base,  and  diverging  very  slightly  at  the  end,  he  obtained  an 
average  value  for  co-efficient  of  discharge  of  1.005,  and  for  his  nozzle 
C^,  in  which  the  -slightly  divergent  part  next  orifice  was  cut  off,  the 
convergence  of  interior  of  about  8^  degrees  thiis  continuing  to  the 
very  end,  he  found  co-efficient  to  l)e  l.OOG,  under  a  head  of  about  145 
pounds  per  square  inch. 

He  states,  however,  that  by  reason  of  imperfect  calipering  of 
orifices,  and  possible  ei'ror  incident  to  measurement  of  discharge,  h;'s 
values  of  co-efficient  of  discharge  "may  be  in  error  as  much  as  3  or 
possibly  4  per  cent."  They  thus  are  in  general  agreement  with  the 
results  obtained  by  the  writer,  and  are  of  interest  since  the  heads  under 
which  Mr.  Smith  experimented  were  exceptionally  great. 

The  tables  giving  discharge  of  nozzles  corresponding  to  varioiis 
pressures  which  are  in  general  use,  and  which,  copied  and  condensed 
into  various  shapes,  are  found  in  the  hand-books  of  most  pump  makers 
and  in  various  treatises  on  hydraulics  and  water  supply,  are  those  by 
George  A.  Ellis,  C.  E.,  formerly  City  Engineer  and  "Water  Eegistrar  of 
Springfield,  Mass. 

Prior  to  the  publication  of  these  tables  by  Mr.  Ellis  there  was  no 
information  relating  specially  to  hose  streams  available  in  form  con- 
venient for  practical  use.  The  remarkably  convenient  form  in  which 
Mr.  Ellis  presented  his  tables  has  made  them  very  popular;  but  the  ex- 
periments on  which  they  were  based  seemed  to  have  been  defective,  from 
causes  which  do  not  appear,  as  the  value  adoj^ted  for  co-efficient  of  dis- 
charge was  82  per  cent.  ,*  a  result  at  variance  with  experiments  of  Weston, 
Smith  and  the  writer,  and  also  at  variance  with  the  values  which  the 
*  See  G.  A.  Ellis'  "  Fire  Streams,"  published  by  Clark  W.  Bryan,  Springfield,  1878,  page  20. 
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text-l;ooks  of  Weisbacli  and  others  indicate  as  probable.  To  get  the 
true  discharge  18^  per  cent,  should  be  added  to  the  discharges  for  smooth 
nozzles  stated  in  the  Ellis  tables  and  their  numerous  reproductions. 

Table  No.  2  is  of  especial  interest  as  showing  the  small  effect  which 
change  of  form  has  on  the  co-efficient  of  discharge;  and  it  is  the  results 
in  this  table  which  furnish  the  basis  for  the  statement  that  water  under 
high  pressures  may  be  measured  with  extreme  accuracy  by  means  of 
smooth  hose  nozzles  of  ordinarily  good  construction,  and  that  this  method 
of  measurement,  providing  an  accurate  pressure  gauge  is  at  hand,  and 
is  connected  directly  to  base  of  play-pipe  by  a  suitable  piezometer,  is 
equal  to  all  the  requirements  of  a  pumping  engine  test,  and  equal  in 
accuracy  to  the  ordinary  weir  measurement. 

It  is  of  interest  in  this  connection  to  compare  the  agreement  of  these 
co-efficients  with  the  agreement  between  the  original  weir  experiments. 
Thus  see  "Lowell  Hydraulic  Experiments,"  page  125,  for  instance;  also 
Smith's  "  Hydraulics,"  page  93  et  seq.  It  will  be  seen  that  the  agreement 
is  more  close  for  the  nozzles  than  for  the  weirs.  It  should  be  borne  in 
mind,  however,  that  the  weir  experiment  was  a  vastly  more  difficult  un- 
dertaking, and  the  attainment  of  such  a  degree  of  jirecision  when  deal- 
ing with  such  large  quantities  as  used  by  Mr.  Francis  and  Messrs.  Fteley 
and  Stearns,  was  a  very  remarkable  achievement.  The  field  of  use- 
fulness for  the  nozzle,  as  a  means  of  ganging,  is  a  restricted  one,  but 
in  this  restricted  field  it  has,  I  believe,  a  very  high  value. 

A  Committee  of  the  American  Society  of  Mechanical  Engineers  has 
now  under  consideration  recommendations  designed  to  secure  uniform 
accurate  practice  in  the  testing  of  pumping  engines.  The  well  known 
expert  steam  engineer,  Mr.  George  H.  Barrus,  as  a  member  of  the  Com- 
mittee having  this  matter  directly  in  charge,  recently  presented  a  paper 
to  the  Boston  Society  of  Civil  Engineers,  in  which  it  was  recommended 
that  for  the  many  situations  where  it  was  inexpedient  to  erect  a  weir, 
the  pump  itself  be  used  as  a  Avater  meter,  by  correcting  its  plunger 
displacement  for  clearance  and  slip,  and  i-epeatedly  measuring  stroke  in 
cases  where  its  length  is  not  positive.  To  me  this  appears  rather  too 
uncertain  a  method  for  general  application  in  important  cases,  and  it  is 
therefore  suggested  that  for  tests  in  connection  with  direct  pumping 
systems  or  other  cases  wht>re  the  erection  of  a  weir  is  inconvenient,  the 
discharge  may  be  measured  by  nozzles  with  fully  equal  accuracy.* 

*  The  use  of  the  Venturi  meter  recently  invented  by  Mr.  Clemens  Herschel,  M.  Am.  Soc. 
C.  K.,  is  also  to  be  recommended  as  a  method  nincli  preferable  to  using  the  pump  itself  as  a 
water  meter.     (Transactions,  Vol.  XVII,  page  2'28,  and  Vol.  XVIII,  page  133.) 
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To  go  a  ste^i  further,  it  would  be  easy  aud  not  exj^ensive  to  construct 
and  set  uj}  in  a  pumping  station  a  conveniently  portable  pressure  box 
of  plate  iron  witli  outlets  having  rounded  entrance,  to  which  any  desired 
number  of  play-pipas  and  nozzles  could  be  screwed  on.  Under  80 
pounds  i^ressure  four  li-iach  nozzles,  connected  direct  without  hose, 
would  discharge  the  full  capacity  of  a  i)umii  discharging  "two  and  one- 
half-million  gallons  per  24  hours;"  and  if  such  a  device  were  perma- 
nently attached  to  the  pump  it  would,  in  connection  with  some  tables 
which  could  be  readily  computed,  furnish  an  inexpensive,  quick  and 
exceedingly  valuable  means  for  enabling  the  engine-man  to  determine  at 
any  time  w  hether  the  per  cent,  of  loss  of  action  in  his  pump  was  getting 
too  large,  by  wearing  of  valves  or  other  cause. 

The  difficulty  which  will  first  suggest  itself  and  which  may  possibly 
render  this  means  of  measurement  sometimes  imjiracticable,  is  that  the 
irregularities  of  pressure  due  to  the  pulsations  of  the  pump  would  affect 
the  accuracy  of  the  gauge  readings.  This  can  probably  be  obviated  if  a 
pressure  box  is  used,  by  an  air  chamber  of  moderate  size  on  the  pressure 
box,  in  connection  with  the  throttle  valve  between  the  box  and  the  pump, 
which  should  be  provided  for  regulating  or  adjusting  the  required  back 
pressure  on  pumj).  Moreover,  it  may  be  remarked  that  5  per  cent, 
pulsation  or  variation  in  pressure  on  a  nozzle  makes  very  much  less  pro- 
portional ditterence  in  its  discharge  than  does  5  jjer  cent,  variation  in 
depth  over  a  weir.* 

With  regard  to  the  gauge  by  which  pressure  on  nozzle  shoiild  be 
measured  in  thus  testing  delivery  of  a  pump,  it  may  be  said  that  while 
an  open  mercury  column  is  the  best,  yet  a  first-class  Bourdon  gauge 
will  measure  the  water  delivered  by  the  pumping  engine  just  as  well  as 
it  will  the  steam  supjilied  to  the  engine,  and  in  fact  will  do  it  better; 
for  an  error  of  one  pound  at  a  pressure  of  100  pounds  upon  the  nozzle 
will  cause  an  error  of  only  one-half  of  1  per  cent,  in  discharge. 

To  avoid  possible  misapprehension,  we  will  state  here  that  the  tables 
at  the  end  of  this  paper,  pages  444-447,   entitled   "Pump  Inspection 

*  November,  lfe89.  I  have  since  devised  and  now  have  under  construction  an  arrange- 
ment somewhat  similar  to  that  shown  in  Figa  43  and  44,  with  piezometer  like  Fig  2,  located 
a  little  above  point  B,  Fig.  44,  which  will  probably  not  weigh  more  than  50  to  75  pounds,  or 
cost  more  than  sixty  dollars  exclusive  of  gauge;  a  single  one  of  which  will,  I  think,  serve  to 
gauge  the  discbarge  ot  a  immpiug  engine  throwing  two  million  gallons  per  twenty-four 
hours  with  an  accuracy  fully  equal  or  superior  to  the  best  weir  measurement.  This  device 
can  be  calibrated  once  for  all,  can  be  moved  from  placa  to  place  as  occasion  demands,  aud 
as  its  setting  up  involves  only  the  laying  of  three  short  lines  of  common  rubber  lined  ho-e 
and  requires  no  foundation,  it  can  be  set  up  and  adjusted  ready  for  use  in  half  an  hour. 
This  promises  to  be  of  bo  much  value  as  a  means  of  gauging  that  a  communication  will 
probably  be  made  to  the  Society  regarding  what  test  may  determine  as  to  its  practicability  or 
lack  of  practicability. 
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Tables,"  are  not- intended  for  such  accurate  measurements  as  just  re- 
ferred to.  These  are  intended  for  the  quick  and  ready  use  of  the  Water- 
works Sui3erintendent,  Insurance  Inspector  or  other  every-day  use, 
where  absence  of  accurate  piezometric  contrivances  does  not  admit  of 
measuring  j^ressure  close  to  base  of  play-pipe.  The  variation  in  loss 
of  head,  in  different  pieces  of  hose,  makes  such  a  gauging  as  by 
Table  B  No.  1  uncertain  to  the  extent  of,  say,  in  general,  5  per  cent. ; 
while  by  properly  measuring  the  pressure  directly  at  base  of  play- 
pipe,  a  result  certain  within  one-half  of  1  per  cent,  may  be  attained. 

I  desire  to  state  here  that  this  matter  of  the  degree  of  accuracy  at- 
tainable in  measuring  flow  of  water  by  means  of  nozzles  was  not  one  of 
the  main  objects  of  the  experiments,  but  has  developed  itself  inciden- 
tally as  the  results  were  computed;  otherwise  care  would  have  been 
taken  to  design,  with  a  special  view  to  use  in  gauging,  certain  standard 
forms  easily  reproduced,  and  to  determine  the  corresponding  co-efficients 
of  discharge. 

The  writer  has  since  the  experiments  designed  a  standard  form  of 
play-pipe  for  ordinary  use  in  mill  fire  protection  equipments,  which  is 
now  kept  in  the  market' as  a  matter  of  regular  stock  and  can  be  procured 
of  almost  any  maker  of  fire  department  supplies.  This  is  shown  in 
Fig.  7.  For  this,  with  nozzles  1^  or  1^  inches  in  diameter,  of  ordinary 
good  finish,  co-efficient  of  discharge  may  be  taken  as  .977,  with  very 
great  confidence  that  this  will  not  be  more  than  one-half  of  one  per 
cent,  in  error.     A  suitable  iiiezometer  and  gauge  must  be  used,  however. 

Proposed    Standard  No^^le. 


Fig.  7. 
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to  insure  tliis  degree  of  accuracy  in  the  gauging,  and  diameter  of  outlet 
must  be  callipered  with  exactness  and  care. 

As  a  means  of  gauging  water  and  for  diameters  of  an  inch  or  two, 
the  nozzle  has  a  very  great  advantage  in  accuracy  over  the  square  edged 
orifice,  since  the  edges  of  the  latter  are  never  absolutely  square  and  the 
slight  rounding  makes  the  measurement  of  its  diameter  uncertain  to  a 
degree  which  may  readily  introduce  an  error  of  1  per  cent,  in  computa- 
tion of  discharge. 

Discharge  of  Rikg  Nozzles. 

(See  lable  on  page  333  and  figures  on  pp.  328  and  324.^ 
The  preceding  table  shows  that  for  the  forms  of  ring  nozzle  com- 
monly met  in  practice,  viz.,  nozzles  [h)  and  (j),  the  co-effieient  of  dis- 
charge may  be  taken  as  .74.  Thus  we  see  that  for  the  ring  nozzle,  as 
for  the  smooth  nozzle,  the  Ellis  tables  are  seriously  in  error;  they  being 
based  on  a  value  of  .64  for  the  co-eflScient.  To  get  the  true  discharge 
15f  per  cent,  should  be  added  to  that  given  by  the  Ellis  tables.  In 
nozzle  (^•)  the  shoulder  is  rather  deeper,  and  one  with  shoulders  deeper 
than  this  is  seldom  found  in  practical  use.  The  nozzles  Jf  and  iVare  of 
a  form  believed  by  some  good  firemen  to  throw  a  better  jet  than  any 
other  form,  and  are  thus  frequently  met  in  practice.  The  co-efficient  is 
seen  to  differ  less  from  the  square  ring  than  might  perhaps  have  been 
expected.  Nozzles  {I),  {j)  and  (o)  are  not  styles  in  practical  use,  but 
were  constructed  for  the  purpose  of  investigating  the  effect  of  various 
degrees  of  contraction  upon  smoothness  and  reach  of  jet. 

The  results  given  in  Table  No.  3  cover  quite  a  range  of  contractions, 
and  are  of  some  interest  in  helping  define  the  influence  of  ratio  between 
diameter  of  orifice  and  diameter  of  channel  above  it,  upon  the  co-effi- 
cient of  contraction. 

This  is  a  subject  on  which  precise  information  is  less  comjilete 
than  desirable.  About  the  only  i)ublished  data  which  the  writer  now 
recalls  is  that  referred  to  in  "  Weisbach's  Mechanics"  (see  Cox's  "  Weis- 
bach,"  VoLI,  page841). 

Professor  Weisbach  there  gives  certain  corrections  for  incomplete 
contraction,  based  upon  experiments  of  his  own,  Avhich  he  says  can  be 
applied  with  great  accuracy.  These  do  not  fit  the  experiments  in 
Table  No.  3  very  well,  differing  from  1  to  71  per  cent.,  as  will  be  seen  by 
table  at  top  of  page  33G. 

The  results  of  these  experiments  on  contraction  are  shown  graphi- 
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cally  by  Fig.  46,  and  a  curve  is  there  drawn  which,  until  the  results  of 
more  complete  experiments  are  presented,  may  be  found  of  use  in  indi- 
cating proper  value  of  co-efficient  for  similar  problems.     In  this  connec- 
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tion  a  study  of  the  curves  of  distribution  of  velocity  are  of  interest. 
(See  Figs.  61  and  62.)  Perhaps  for  a  diaphragm  at  end  of  a  long  tube 
of  uniform  -width,  the  co-efficient  might  be  different. 

This  subject  and  that  of  effect  of  diaphragms  in  pipes  are  fruitful 
ones  for  investigation  in  detail,  and  might  be  taken  up  with  advantage 
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in  a  well  equij^ped  hydraulic  laboratory,  such  as  that  proijosed  in  the 
new  building  of  the  Massachusetts  Institute  of  Technology,  and  the 
ratios  accurately  determined  once  for  all. 

iNriiXJENCE  OF   Relative  Aeea   of    Oeifice   to  Akea   of   Channel  of 
Approach  in  Modifying  Co-efficient  op  Discharge  of  Nozzle. 
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Discharge  of  Siamese  Nozzles. 

The  exi^eriments  on  discharge  of  Siamese  nozzles  (see  Table  No.  4) 
are  of  no  such  general  interest  as  the  results  in  the  preceding  tables,  but 
are  merely  of  value  as  giving  definite  knowledge  in  reference  to  one 
si^ecial  form  of  apparatus.  The  values  found  are  of  some  general  interest, 
however,  as  showing  effect  of  various  projections  of  shoulder  upon  con- 
traction of  jet.  Probably  had  the  piezometer  been  ajiplied  directly  at 
base  of  the  straight  iilay-pipe  the  co-efficient  for  the  smooth  nozzle  would 
have  been  not  far  from  .975;  and  the  less  value  found  (by  about  2  jjer 
cent.)  may  be  regarded  as  due  to  the  frictional  resistance  in  the  Siamese 
and  elbow. 

With  nozzle  (s),  1}  inch  diameter,  there  was  less  relative  loss  in 
Siamese  and  elbow,  and  the  co-efficient  is  seen  to  approach  the  values 
in  Tables  Nos.  1  and  2  very  nearly. 

*  Edges  very  sharp  and  square. 

t  This  co-cfflcient  would  naturally  bo  a  little  large,  as  shoulders  are  not  in  a  perfect 
plane,  but  incline  slightly  in  direction  of  current. 

t  Excellent  experiment.    Shoulders  very  sharp  and  square, 
i  Edges  very  sharp  and  square. 
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Loss  OF  Pbessure  by  Fkiction  in  Hose. 

This  was  determined  for  fourteen  different  kinds  of  2i-incli  hose  in- 
tended to  represent  all  tlie  tyi:)ical  kinds  in  ordinary  use.  No  attempt 
was  made  to  experiment  upon  all  the  different  makes,  sizes  and  brands 
in  the  market,  these  being  so  very  numerous  as  to  make  such  a  work 
impracticable. 

In  each  kind  of  hose  tested,  the  friction  loss  was  determined  with 
inch,  li,  1^  and  If-inch  smooth  nozzles  attached,  and  in  nearly  all  kinds 
it  was  also  determined  with  f,  ^  and  la-inch  nozzles. 

The  hydrant  pressure  in  the  various  experiments  varied  from  15  to 
125  pounds  per  square  inch,  and  the  delivery  of  the  hose  from  about  50 
to  325  gallons  per  minute;  the  corresponding  mean  linear  velocity  in 
some  of  the  kinds  of  hose  thus  ranging  from  3  to  about  21  feet  per 
second. 

The  loss  of  pressure  by  friction  was  found  to  follow  the  common 
theory  of  being  proportional  to  the  square  of  the  discharge  closely 
enough  for  nearly  all  practical  purposes;  but  the  fact  that  there  was  a 
slight  divergence  from  this  law  was  also  clearly  shown.  (See  plotted 
curves,  Fig.  48.  The  full  lines  show  mean  results  of  the  experiments. 
The  dotted  lines  are  mathematical  curves  of  squares  drawn  through 
the  240-gallon  point.) 

The  length  of  lines  of  hose  experimented  upon  varied  from  50  to  325 
feet,  and  as  was  to  be  expected  as  a  matter  of  course,  the  friction  loss 
was  found  to  be  substantially  proportional  to  the  length;  that  is,  the 
friction  loss  in  a  line  300  feet  long  was  almost  exactly  three  times  that  in 
a  line  100  feet  long.  (See  plotted  curves;  note,  for  instance,  with 
Sample  Iv,  how  closely  the  observations  on  loss  per  100  feet  coincide, 
though  lines  vary  in  length.) 

The  general  method  of  making  these  experiments  (see  figures  on 
page  315,  also  Fig.  50)  was  to  lay  out  a  line  of  hose  of  convenient  length, 
which  might  be  anywhere  from  50  to  325  feet,  but  usually  was  150  or 
300  feet,  in  a  straight  line  upon  a  fairly  smooth  plank  walk  or  platform 
which  sloped  1  foot  in  100  down  toAvard  nozzle.  Immediately  alongside 
the  i^lank  walk  or  platform  on  which  the  hose  was  laid  were  three 
hydrants  about  100  feet  apart,  and  hose  was  connected  to  whichever 
came  most  convenient  for  the  length  under  experiment.  To  the  down- 
stream end  of  this  straight  line  of  hose  the  play-pipe  was  attached  and 
bent  upward  at  an  angle  of  30  degrees.  This  vertical  bend  in  the  hose 
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was  made  on  curve  of  10  feet  radius  by  the  hose  lying  in  a  box  or  trough 
of  that  form.  To  the  up-stream  end  of  the  straight  line  of  hose  a  25-foot 
length  of  hose  like  sample  C  was  attached,  and  its  upper  part  curved 
around  in  whatever  way  was  necessary  to  connect  it  to  hydrant,  though 
care  was  taken  that  this  curve  should  be  of  not  less  than  about  4  or  5 
feet  radius. 

Figs.  1  to  6  illustrate  various  features  pertaining  to  the  arrangement 
of  the  apparatus.  Fig.  2  illustrates  the  couplings  used  for  measuring 
the  pressure  within  the  hose,  and  already  described. 

There  were  two  of  these  piezometer  couplings  used  with  each  line  of 
hose.  The  customary  location  of  the  up-stream  one  was  in  the  straight 
line  of  hose  25  feet  away  from  the  hydrant,  and  of  the  down-stream  one 
closa  to  the  base  of  play-pipe,  though  occasionally  they  were  connected 
into  the  line  of  hose  at  other  points  to  make  sure  that  there  was  no  local 
disturbance  at  the  points  first  named. 

The  two  mercury  gauges  by  which  pressures  were  measured,  already 
described,  were  fastened  in  most  cases  to  adjacent  brick  walls  and 
connection  made  to  the  piezometers  just  described  by  from  8  to  15 
feet  of  rubber  tubing.  Much  care  was  taken  to  8Ui3port  this  tub- 
ing on  an  even  incline  up  toward  gauge,  so  air  bubbles  should  not 
lodge  and  affect  results,  and  immediately  before  each  set  of  experi- 
ments the  waste  cock  in  the  gauge  was  opened  for  a  few  minutes  so  that 
the  swift  current  of  water  through  this  small  tube  should  effectually  wash 
out  any  possible  bubbles.  The  cocks  at  ends  of  this  tubing  were  gen- 
erally kept  nearly  wide  open  during  an  experiment,  for  I  believe  small 
errors  are  often  introduced  by  the  too  close  throttling  of  a  gauge  as 
often  practiced  to  check  oscillations. 

As  a  check.  Bourdon  test  gauges  were,  in  several  experiments,  con- 
nected directly  to  the  piezometer  without  the  intervention  of  so  much 
tubing.  All  these  checks  only  tended  to  confirm  the  accuracy  of  the 
method  generally  followed. 

The  line  of  hose  being  stretched  out  in  a  straight  line  along  the 
platform  and  the  water  let  into  it,  then  when  all  was  in  a  condition  of 
steady  flow  the  exiierimeut  on  friction  loss  was  made.  One  observer, 
with  a  helper  who  swung  the  play-pipe,  measured  the  gallons  per  minute 
discharged,  as  described  on  page  314,  the  two  other  observers  mean- 
while noting  at  half-minute  intervals  the  readings  of  the  pressure  gauges 
at  each  end  of  the  sample  of  hose  under  experiment. 
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In  most  cases  the  water  was  supplied  from  the  city  water-works,  but 
in  certain  experiments,  designed  to  show  the  effect  of  a  very  high  pressure 
within  the  hose  upon  the  friction,  the  watev  was  supplied  by  the  mill  fire 
pumps.  When  water  from  the  city  reservoir  was  used,  the  fluctuations  of 
pressure  did  not  often  exceed  J  or  }  pound  in  the  course  of  an  experi- 
ment, or  0.1  to  0.2  pound  between  successive  observations;  while,  when 
supply  came  from  pumjD,  the  unsteadiness  of  pressure  often  made  a  dif- 
ference of  two  or  even  three  pounds  at  up-stream  gauge  or  of  half  this 
amount  at  the  down-stream  gauge,  but  at  this  down-stream  gauge  there 
was  seldom  a  difference  of  h  pound  between  successive  readings. 

As  each  experiment  on  friction  loss  was  computed  from  the  average 
of  five  to  ten  independent  observations  taken  simultaneously  at  the  two 
ends  of  the  hose  experimented  upon,  I  feel  confident  that  the  error  in 
determination  of  pressure  lost  by  friction  between  the  two  ends  of  any 
sample  did  not  exceed  i  pound,  and  in  general  was  much  less  than  this. 

Various  rates  of  delivery  were  secured  by  attaching  nozzles  of  dif- 
ferent sizes  to  the  play-pipe,  the  hydrant  gate  being  generally  opened 
to  its  full  extent.'  "With  the  exception  of  the  25-foot  piece  ordinarily 
used  next  the  hydrant,  all  hose  experimented  upon  was  in  the  ordinary 
50-foot  commercial  lengths,  and  all  was  fitted  with  ordinary  expanded 
ring  couplings  (see  Fig.  52),  thus  giving  a  waterway  of  the  full  nominal 
diameter  of  the  hose.  Care  was  taken  in  all  cases  that  the  hole  in  the 
elastic  washer  used  for  packing  the  joint  should  be  of  full  size  of  bore 
of  coupling.  The  following  table  (No.  5)  gives  results  of  the  exioeriments. 
It  is  to  be  remarked  that  while  temperature  of  water  as  given  is  i^rob- 
ably  correct  within  1  or  2  degrees,  the  temperature  of  air  was  observed 
with  less  care,  and  as  it  varied  at  different  parts  of  the  line,  the  figure 
given  may  vary  from  the  true  mean  by  5  degrees. 

The  results  on  the  several  sheets  of  Table  No.  5  were  plotted  on  cross 
section  paper  on  scale  of  1  centimeter  =  1  pound  per  square  inch  loss  per 
100  feet,  and  2  millimeters  =  1  gallon  per  miniite.  A  photo-engraving 
on  small  scale  (see  Fig.  48)  is  given  of  a  tracing  from  about  half  these 
curves;  the  remainder  having  been  omitted  from  this  plotting  simply  to 
avoid  confusion.  Table  No.  6  gives  a  comparison  of  the  relative  loss 
found  in  the  different  kinds  of  hose;  the  values  there  given  having  been 
taken  from  the  plottings  of  Table  No.  5  just  mentioned. 
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Influence  of   Smoothness  of  Surface   of  Waterway   upon  Loss  of 
Peessuke  in  Hose. 

The  most  interesting  and  valuable  i^oint  illustrated  by  the  above 
table  is  the  great  effect  which  the  smoothness  of  inside  of  hose  exerts  on 
the  amount  of  pressure  lost  by  friction.    (See  next  page  and  also  Fig.  47.) 

Compare  Sample  K  with  Sample  D.  Each  was  a  hose  of  woven  cot- 
ton fabric  of  medium  weight,  lined  with  rubber,  and  both  were  made  by 
the  same  manufacturer,  and  were  practically  alike,  with  the  exceijtion 
that  A"  was  rough  inside,  while  D  was  smooth. 

Sample  /i"  was  made  as  most  "  mill  hose  "  and  much  fire  department 
hose  is  ordinarily  made,  viz.,  with  a  rather  thin  rubber  lining,  which  was 
in  calendering  permanently  roughened  by  the  twill  of  the  cloth  used, 
and  which  is  further  roughened  and  corrugated  by  its  conformation  to 
the  threads  of  the  fabric,  and  is  still  further  corrugated  when  in  use 
by  the  rubber  lining  being  forced  by  the  water  pressure  into  the  vacant 
crevices  between  the  threads;  thus  giving  a  surface  as  shown  by  the 
jjhotograph  in  Fig.  47. 

Sample  D  was  made  of  same  material,  bixt  with  more  care.  Its  rubber 
lining  was  calendered  smoothly,  and  was  slightly  thicker  than  that  in 
Sample  K,  and  means  were  adopted  for  filling  the  crevices  between  the 
threads  so  that  the  rubber  lining  should  be  well  backed  up,  and  its  inner 
surface  not  forced  into  a  corrugated  form  Ijy  the  action  of  the  water 
l^ressure.  This  filling  of  the  crevices  may  be  attained  either  by  the  free 
use  of  suitable  rubber  cement,  or  by  inserting  the  rubber  lining  into  the 
cotton  fabric  in  a  semi-plastic,  partially  vulcanized  condition,  and  then 
completing  vulcanization  imder  such  conditions  as  to  permit  the  rubber 
before  hardening,  to  "flow"  slightly,  and  thus  till  the  crevices  between 
the  threads. 

Careful  weaving  is  also  essential.  Sample  E  had  an  excellent  lining, 
which  was  comparatively  free  from  minute  ridges,  but  a  waviness  of  sur- 
face was  produced  apparently  by  the  unequal  tension  in  loom;  and  that 
the  friction  loss  in  this  was,  for  equal  diameters,  relatively  higher  than 
D  was  mainly  due  to  this  slight  irregularity  of  weaving,  rather  than  to 
the  character  of  the  lining. 

The  cost  of  Sample  D,  in  which  the  friction  loss  was  only  14. 2  pounds, 
was  only  five  cents  per  foot  greater  than  Sample  K,  in  which  loss  was  25.5 
pounds;  part  of  which  cost  was  due  to  heavier  fabric  and  greater  thick- 
ness of  rubber  lining.     The  extra  cost  of  obtaining  the  greater  smooth- 
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« 
ness,  wlien  tlie   proper  arrangements  are   made   at  factory,  will,  it  is 

believed,  add  but  a  very  small  percentage  to  the  cost  of  the  hose. 

This  point  is  well  worthy  the  attention  of  all  manufacturers  of  fire- 
hose. The  writer  is  led  to  especially  emphasize  it  from  having  many 
times  heard  hose  manufacturers  and  hose  salesmen  affirm  most  positively 
that  this  little  roughness  of  interior  surface  had  no  influence  on  the 
loss  of  pressure,  that  "the  water  next  the  side  lay  dead,  etc.;"  which 
notions,  though  conclusively  proved  to  be  erroneous,  as  every  hydraulic 
engineer  knows,  by  the  experiments  of  Darcy  thirty-five  years  ago,  are 
still  advocated  as  an  aid  to  the  disposal  of  imperfect  fire-hose. 

To  determine  the  cause  of  the  difference  in  friction  loss  in  different 
kinds  of  hose,  and  to  find  out  the  condition  of  the  surfaces  exposed  to 
the  current  of  water  under  the  jiractical  conditions  of  use,  plaster  casts 
were  made  of  the  inside  of  pieces  of  hose  from  1  to  3  feet  in  length,  cut 
from  the  hose  used  in  the  experiments;  to  insure  that  these  casts  were 
fairly  representative  several  casts  from  different  parts  of  the  hose  were 
in  some  cases  made.  In  making  them,  ordinary  couplings  were  attached 
to  these  samples,  and  one  end  was  capijed.  The  sample  was  placed  up- 
right, filled  with  plaster  of  Paris,  and  then  being  instantly  attached  to 
a  hydrant,  a  water  pressure  of  50  pounds  per  square  inch  was  main- 
tained on  it  until  the  plaster  had  set.  These  casts  are  of  such  interest  in 
showing  effect  of  roughness  that  photographs  made  from  them  are  pre- 
sented herewith.  From  inspecting  these  a  reason  will  be  seen  why  the 
friction  loss  in  unlined  linen  hose  is  two  and  one-third  times  as  great  as 
in  well  made  rubber  lined  hose,  and  nearly  two  and  a  half  times  as 
much  as  in  an  extra  smooth  solid  rubber  hose.* 

The  very  great  iuflueace  which  smoothness  of  interior  surface  was 
found  to  exert  upon  the  friction  loss  may  excite  question  as  to  the 
accuracy  of  the  observations.  I  would,  therefore,  call  especial  attention 
to  the  detailed  results  on  Samples  L,  K  and  D,  as  given  in  Table  No.  5. 

First. — That  the  results  are  very  accurate,  the  unusual  precision  of  the 
apparatus  leaves  almost  no  room  for  doubt.  That  the  quantity  flowing 
was  correctly  measured  is  proved  by  a  comiiarison  which  has  been  made 
for  most  experiments  between  the  discharge  as  found  by  measurement 


*  It  may  be  well  to  add,  that  while  tho  groat  friction  loss,  as  well  as  susceptibility  to 
injury  by  chafing'  on  cinilors  or  sharp  corners,  makes  unlined  linen  hose  undesirable  for  use 
In  long  lines  or  for  general  outside  use,  nevertheless  its  extreme  lightness,  compactness 
and  superior  durability  render  it,  in  our  opinion,  better  suited  than  any  other  kind  for 
inside  use  in  dry,  well  ventilated  situatious  .such  as  on  tho  stairway  staudpipes  of  a  mill. 
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in  the  tank  and  the  discharge  computed  for  the  given  nozzle  under  the 
known  pressure  at  its  base. 

Second. — That  the  piezometers  were  not  subject  to  local  influences  is 
proved  by  the  same  result  being  obtained  when  positions  of  piezometers 
were  changed  by  moving  them  50  feet  up-stream  or  down-stream  in  the 
same  line  of  hose. 

Third. — That  there  was  no  local  obstruction  in  hose  is  j) roved  by 
obtaining  the  same  result  with  different  pieces  used. 

Fourth. — That  results  are  not  influenced  by  accidental  or  occasional 
errors  is  shown  by  the  regular,  nearly  geometrical  form  of  the  curve,  and 
it  is  fair  to  add  that  throughout  the  whole  range  of  these  experiments 
no  observation  has  been  excluded  simply  because  it  failed  to  fall  into 
line. 

Fifth. — That  gauges  were  all  right  is  indicated  by  a  similar  result 
being  obtained  when  Bourdon  test  gauges  were  used. 

Sixth. — That  diameter  was  correctly  determined  within  narrow  limits 
was  proved  by  repeating  measurements  independently,  and  also  by 
measurements  made  upon  the  plaster  casts. 

Seventh. — That  the  value  for  linen  hose  is  fairly  representative  is 
shown  by  results  with  Sample  N  as  compared  with  X,  and  also  by 
equally  accurate  exi:)eriments  on  another  sample,  which  agree  closely 
but  are  omitted  to  save  space,  and  also  by  some  experiments  with  less 
perfect  apparatus  made  a  year  previous.  And  that  the  comparative 
values  for  linen  hose  are  about  right  was  shown  by  laying  two  300-feet 
lines  of  hose,  one  hke  Sample  L,  the  other  rubber  lined,  both  fed  from 
the  same  hydrant  and  connected  to  similar  nozzles  placed  side  by  side 
as  in  Fig.  54,  and  noting  the  difference  in  height  attained  by  the  jets. 

Should  it  be  remarked  that  differences  in  friction  loss  due  to  smooth- 
ness are  relatively  as  great  or  greater  than  Darcy's  experiments  showed 
for  clean  pipes  vs.  those  obstructed  by  deposits,  it  may  be  said  that 
Darcy  gives  Httle  or  no  means  of  judging  of  the  degree  of  roughness  of 
his  pipes  with  deposits,  and  probably  their  roughness  was  by  no  means 
so  great  as  would  be  produced  by  the  tubercles  ordinarily  known  as 
such  to  American  engineers. 

Influence  op  Diameter  upon  Loss  of  Pkessuke  in  Hose. 
The  influence  of  a  slight  difference  in  diameter  of  hose  upon  the  loss 
of  pressure  incident  to  forcing  a  given  number  of  gallons  per  minute 
through  it,  is  far  greater  than  is  generally  appreciated.     The  magnitude 
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of  the  corrections  to  offset  variation  in  diameter  given  in  column  5  of 
Table  No.  6  will  very  likely  excite  comment  and  question.  That  the 
rule  by  which  they  are  comiauted,  when  apjilied  within  the  limits  of 
these  experiments  (on  hose  of  2i-inch  nominal  diameter),  is  correct 
within  about  1  per  cent. ,  is  indicated  by  the  experiments  of  Darcy  and 
of  Hamilton  Smith,  Jr. ;  and  that,  notwithstanding  the  slight  constric- 
tion at  hose  coupling,  the  rule  is  practically  correct  and  reliable  as  used 
in  the  table,  is  proved  by  the  comparison  of  the  last  two  experiments  in 
the  table  with  those  on  Samples  D  and  L. 

It  will  be  seen  that  among  the  dozen  pieces  of  "  2^-inch  "  hose  experi- 
mented upon,  the  actual  internal  diameter  varied  from  a  little  less  than 
2  J  to  a  little  more  than  2}  inches  diameter.  Since  ^  of  an  inch  varia- 
tion from  2i-inch  diameter  may  cause  a  variation  of  about  25  per  cent,  in 
friction  loss  in  hose  with  same  number  of  gallons  jDcr  minute  flowing,  it 
is  seen  how  essential  it  is  that  we  know  the  diameter  accurately;  and 
since  one  manufacturer  can  make  2j-inch  hose  as  well  as  another,  if  he 
starts  with  that  object  in  view,  it  would  be  unfair  to  place  the  2f-inch 
hose  of  one  against  the  2  J -inch  hose  of  another,  just  because  the  bore 
of  the  couplings  happened  to  be  the  same  in  the  two  cases,  without 
allowing  for  the  difference  of  diameter. 

So  far  as  I  can  learn,  previous  experimenters  have  not  measured 
with  precision  and  under  pressure  the  diameter  of  the  hose  upon  which 
they  experimented,  and  therefore  their  results  are  devoid  of  much  scien- 
tific value,  although  they  have  unquestionably  been  of  much  value  in, 
the  rough-and-ready,  practical  way. 

In  the  isresent  case  the  interior  diameter  of  each  line  of  hose  under 
experiment  was  measured  in  half  a  dozen  or  more  jjlaces  by  caHpering 
the  external  diameter  at  these  places,  while  the  ll-inch  nozzle  was 
attached  and  the  stream  flowing  under  full  city  pi*essure.  Immediately 
afterward  the  water  was  shut  out,  the  hose  at  the  points  just  calipered 
was  flattened  between  clamps  and  blocks  with  a  pressure  intended  to  be 
about  25  pounds  per  square  inch  and  again  calipered,  and  the  thick- 
ness of  the  fabric  thus  determined;  which,  being  deducted  from  the 
external,  gave  the  internal  diameter.  The  hose  diameters  thus  deter- 
mined were  verified  in  several  cases  by  independent  remeasurement  in  the 
same  manner,  and  by  comparison  with  diameters  of  plaster  casts  from 
the  same  hose.  Considering  the  general  agreement  of  these  measure- 
ments, and  the  care  us3d  in  making  them,  I  conclude  that  the  mean  diam- 
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eters  as  given  in  the  table  are  in  almost  every  case  probably  correct 
within  0.01  or  0.02  inch. 

(An  attempt  was  made  to  determine  the  diameter  by  weighing  the 
water  contained  in  the  hose;  but  this  method,  by  reason  of  air  bubbles 
and  of  water  adhering  to  hose,  was  found  less  satisfactory  than  that 
just  described.) 

Influence  op  Pkessure  on  Diameter  of  Hose. 

It  might  be  thought  that  the  elasticity  of  the  hose,  acting  in  accord- 
ance with  the  varying  pressures  of  water  within  it,  would  aflfecl:  seriously 
the  rate  of  loss  of  pressure,  and  thus  render  the  results  of  little  value 
in  indicating  laws  of  flow  in  pipes  under  high  velocities. 

To  determine  whether  or  not  this  was  the  case,  the  following  experi- 
ments were  made.  The  ends  of  a  line  100  feet  long  of  each  kind  of 
hose  were  capped,  and  then  the  diameter  measured  in  half  a  dozen 
places,  first  with  a  pressure  of  25,  then  with  50,  then  75,  and  finally  100 
pounds  per  square  inch.  The  hose  was  meanwhile  free  to  elongate. 
The  average  amount  of  expansion  found  is  given  in  the  following  table: 

Effect  of  Pressure  in  Enlarging  Diameter  of  Hose. 

Increase  of 
diameter 

correspond- 
Kind  of  Hose  and  Maker's  Name.    (All  Nominally  2J  inches  Diameter.)  ing  to  50 

pounds  in- 
crease of 
pressure. 

Sample  C,  Boston  "Woven   Hose  Co.'s  woven  cotton  inches. 

rubber-lined  ' '  Boston  Fire  Jacket  " 0 .  000 

Sample  L,  Ross,  Turner   &   Co.'s  woven  linen  hose, 

unlined,  "  Red  Line  " 0.005 

Sample  K,  Boston  Woven  Hose  Co.'s  woven  cotton 

rubber-lined  "  Mill  " 0.016 

Sample  G,  Cornelius  Callahan  Co.'s  knit  cotton  rubber- 
lined  "Jacket " 0.022 

Sample  E,  N.  Y,  Belting  &  Packing  Co.  's  knit  cotton 

rubber-lined  "Cable  No.  2  " 0.028 

Sample  B,  B.  W.  H.  Co. ,  solid  rubber,  ' '  Volunteer  " . .  0 .  030 

C.  C.  Co. ,  knit  cotton  rubber-lined  ' '  Mill  ".  0 .  036 

A,  B.  W.  H.  Co.,  solid  rubber,  "Extra" 0.036 

I,  C.   C.   Co.,  knit  cotton  rubber-lined  "Vol- 
unteer " 0.041 

Sample  J,  Samuel  Eastman  &  Co.'s  leather  hose 0.054 
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From  the  expansion  of  diameter  of  hose  due  to  an  increase  of  pres- 
sure within  it  as  just  determined,  we  may  readily  deduce  the  effect  that 
this  increase  of  diameter  would  have  in  decreasing  frictional  resistance 
due  to  flow,  according  to  the  well  known  law  that  this  varies  inversely  as 
fifth  power  of  diameter.  We  thus  deduce  that  within  the  range  of  the 
experiments  an  increase  of  10  pounds  in  mean  pressure  will  by  in- 
creasing diameter  reduce  the  friction  loss  as  follows  : 


Per  cent. 

Sample      0.0 

L 0.2 

K 0.6 

G 0.9 

E 1.1 


Per  cent. 

Sample  B 1.2 

H 1.4 

A 1.4 

««        1 1.6 

J 2.2 


Now  let  us  compare  these  deductions  with  actual  results  of  experi- 
ments upon  friction  loss  under  very  different  pressures,  as  given  in 
Table  No.  5. 


Experiments  Compaeed. 

Differ- 
ence in 
Press- 
ure. 

Actual  differ- 
ence in  Fric- 
tion Loss  by 
Experiment. 

Loss  as  deduced 

from  increase 

of  diameter. 

Kind  of  Hose. 

No.  of 
Experi- 
ment. 

Mean 
Press- 
ure. 

No.  of      Mean 

Experi-     Press- 

ment.       ure. 

Sample  L 

Sample  K 

Sample  H 

Sample  H 

ill 
IS! 

(66  > 
(67J 

37 
51 

5i 

40 

12 
32 

68 

70 

57 
91 

93 

59 

20 
43 

39 

19 

0    per  cent. 
2 

O.-t  per  cent. 
2.6 

5.5 

2.7 

It  may  be  remarked  that  a  high  pressure  might  possibly  tend  also  to 
increase  the  friction  loss  by  making  the  interior  of  a  rubber  hose  slightly 
more  corrugated  by  compressing  or  forcing  the  rubber  more  into  the 
crevices  between  the  threads,  and  thus  ofifset  to  a  greater  or  less  extent 
the  effect  of  the  gain  in  diameter. 

The  agreement  in  the  above  table  is,  I  think,  very  satisfactory,  and 
not  only  gives  confidence  that  the  series  of  observations  in  Sample  K 
and  also  (7 and  D  are  reliable  as  pipe  experiments  under  high  velocities, 
but  also  shows  that  experiments  on  nearly  all  the  other  samples  may 
be  safely  so  used  by  ajsplying  a  slight  correction  to  reduce  to  constant 
diameter. 
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Data   Fuknished  by  thesk  ExrERiMENTs  for  Determining  Laws  op 

Flow  in  Pipes. 

Let  us  insert  here  a  word  of  explanation. 

If  there  were  now  on  record  series  of  accurate  experiments  on  flow 
in  rigid  pipes,  fairly  complete  in  their  range  of  variation  in  diameter, 
velocity  and  smoothness  of  surface,  and  in  which  experiments  but  one 
variable  had  been  changed  at  a  time,  thus  making  the  result  strictly  deter- 
minate, I  might  cut  this  part  of  the  discussion  of  these  experiments  very 
short;  but,  considering  the  unfilled  gaps  at  present  existing  in  our  lines  of 
data,  may  we  not  find  it  worth  while  to  get  all  we  can  out  of  these  ex- 
periments, even  though  they  be  on  fire  hose? 

The  writer  believes  a  comparative  study  to  show  that  the  observa- 
tions and  methods  of  these  experiments  on  hose  as  described  above 
give  results  which,  far  as  they  go,  equal  in  accuracy  the  pipe  experi- 
ments of  Darcy  or  other  published  standard  experiments  on  flow  in 
pipes. 

Moreover,  the  results  stated  on  the  preceding  page  indicate  that  the 
flexibility  and  elasticity  of  some  of  these  pipes  do  not  affect  the  flow 
so  as  to  make  results  essentially  difi'erent  from  those  which  would  be 
found  with  rigid  pipes  of  same  size  and  smoothness. 

A  feature  of  these  experiments  which  might,  at  first  sight,  make 
them  appear  undesirable  for  this  purpose,  is  the  slight  constriction  at 
coupling;  but  it  will  be  noted  that  for  several  samples  this  was  very 
slight. 

See  also  in  this  connection  the  results  of  experiments  upon  effect  of 
bushings  described  a  few  images  farther  on.  These,  bearing  in  mind  that 
the  bushings  had  shari?  corners,  while  the  reduction  by  couplings  was 
somewhat  gradual,  indicate  that  the  total  effect  of  the  existing  reduc- 
tion of  area  at  coupling  would  increase  the  loss,  even  with  sample  /, 
which  had  the  greatest  difference  in  areas  of  any  sample,  by  not  more 
than  2  or  3  per  cent. 

In  considering  the  bearing  of  these  fire  hose  experiments  upon  the 
laws  of  flow  of  water  in  pipes,  the  point  of  special  interest  is : 

Influence  of  Chabacter  of  Surface  upon  Flow. 

Eeference  has  already  been  made  to  this  and  to  photographs  of  plaster 
casts.  But  may  we  not  here  emphasize  the  necessity  of  a  clear  and 
definite  description  of  the  smoothness  of  the  wetted  surface,  in  order 
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that  experiments  on  flow  in  pipes  should  have  an  exact  value  ?  Is  it  not 
useless  to  attempt  to  take  a  few  isolated  experiments  upon  one  pipe  here 
and  another  pipe  there,  and  from  such  experiments  to  deduce  the  in- 
fluence of  velocity  or  diameter  upon  co-efficient  of  flow,  when  almost 
invisible  differences  of  smoothness  of  surface  may  far  outweigh  these 
elements?  Here  is  a  good  place  to  emjihasize  the  fact  that  almost  all 
recorded  experiments  upon  flow  in  pipes  of  any  considerable  degree  of 
roughness  are  rendered  very  vague  and  of  little  practical  value  because 
this  all-important  element  of  roughness  has  been  so  vaguely  described. 

Take  Darcy's  experiments;  we  often  hear  it  stated  that  he  found  that 
in  pipes  covered  with  deposits  the  loss  of  head  was  double  that  in  smooth 
pipes.  How  great  was  the  roughness  of  these  deposits?  Were  they  as 
big  as  heads  of  steam  boiler  rivets  like  the  tubercles  which  we  often 
find  in  water  pij^es  in  New  England  cities,  or  were  they  of  the  size  of 
grains  of  wheat?  How  can  we  apply  such  data  in  any  but  the  most  vague 
manner  until  we  have  such  facts  clearly  stated? 

Another  point  of  interest  is  the 

Influence  of  High  as  Compabed  with  that  of  Moderate  VeijOCities 

UPON   Co-EFFICIENT   OF  FliOW. 

"We  will  preface  this  with  the  remark  that  the  question  just  now 
under  discussion  may,  perhaps,  be  more  clearly  stated  thus: 

For  a  given  pipe,  does  the  loss  of  head  vary  in  exact  proportion  to 
the  square  of  the  quantity  flowing? 

The  answer  may  also  be  had  in  simple  form  by  reference  to  Fig.  48. 
The  full  lines  show  the  experimental  result,  the  dotted  lines  are  geomet- 
rical curves  with  head  varying  as  the  square  of  quantity  and  passing 
through  the  240-gallon  point  of  experimental  curve.  It  is  seen  that  the 
head  does  vary  very  nearly  as  the  square  of  velocity;  but  that  there  is  a 
divergence  from  the  law,  which,  though  small,  is  clearly  defined  for  each 
of  the  curves.  For  A,  E,  G  and  ./the  divergence  of  the  curves  would  be 
in  more  marked  agreement  with  those  for  L,  K  and  D,  if  the  slight  cor- 
rections for  expansion  of  those  samples  of  hose  by  pressure  had  been 
applied  to  the  results  before  plotting. 

In  making  the  more  complete  comparisons  we  will  use  the  well  known 
Chezy  formula  as  a  basis.  I  think  Fig.  47  illustrates  sufficiently  well 
that  even  slight  differences  in  smoothness  of  surface,  which  are  in  most 
cases   hidden   from  observation,  may  easily  offset  the   refinements  of 
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more  complicated  formulas,  and  for  readily  comjiaring  the  results  with 
other  experiments  on  flow  in  i^ipes,  we  will  follow  the  line  of  in- 
vestigation given  in  Hamilton  Smith,  Jr.'s  "Hydraulics,"  edition  1886, 
page  213  et  seq.,  because  of  the  complete  and  convenient  collection  of 
data  included  in  his  work;  a  collection  admirable  for  the  care  with  which 
questionable  experiments  have  been  excluded. 

We  compute  the  following  from  the  data  furnished  by  the  experi- 
ments as  detailed  in  Tables  Nos.  5  and  6;  taking  oflf  values  for  quantity 
and  friction  loss  from  a  large  scale  plotting  of  the  data  just  mentioned, 
similar  to  Fig.  48.  For  those  kinds  of  hose  in  which  loss  was  shown  by 
experiments  detailed  on  page  353,  to  be  appreciably  affected  by  expan- 
sion (viz.,  all  samples  except  C,  D  and  L),  a  slight  correction  (in  no  case 
greater  than  2.4  per  cent.)  has  been  applied  as  per  deductions  of  page 
354.     The  results  are  shown  graphically  in  Fig.  49. 


358 


FREEMAN    OlST   HYDRAULICS    OF   FIRE    STREAMS. 


TABLE    No.  7. 

Value  of  Co-efficient  n  in  FormuijA  v  =  n  {rs)\  found  to  exist  in 
Fire  Hose  of  Various  Degrees  of  Roughness  and  for  Various 
High  VEiiOOiTiEs. 


i/; 


Chezy  formula  v  =  n  [rs)h  .  • .  5 ^ 

V  =  Mean  velocity  in  feet  per  second. 

n  =  Co-efficient  for  mean  velocity  of  flow. 

r  =  Hydraulic  mean  radius  =  i  diameter  in  feet. 

s  =  Natural  sine. of  hydraulic  gradient. 


See  Fig.  49. 
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The  question  may  be  asked,  How  do  results  obtained  by  previous 
experimenters  on  friction  loss  in  hose  agree  with  those  just  described  ? 
So  far  as  I  know,  the  only  published  results  on  friction  loss  in  fire-hose 
making  pretension  to  scientific  accuracy  are  those  of  G.  A.  Ellis,  pre- 
viously referred  to,  and  those  of  E.  B.  "Weston.  There  are  records  of  a 
few  rough  exjDeriments  in  Tanning's  "Water  Sujjply  Engineering,"  page 
519,  but  the  eflfect  of  hose  friction  is  so  influenced  by  several  other  losses 
of  pressure  as  to  be  indeterminate.  The  Ellis  tables  have  already  been 
shown  (see  pages  327  and  334)  to  estimate  discharge  so  wrongly  as  to  make 
the  figures  for  friction  loss  of  very  doubtful  value,  and,  moreover,  no 
statements  are  given,  either  of  the  actual  diameter,  or  as  to  whether  the 
so-called  "rubber  hose  "  was  cotton  fabric  hose  with  a  thin  rubber  lining, 
or  was  "solid  rubber  hose."  Mr.  Weston's  experiments  were  evidently 
much  more  accurate  than  those  of  Ellis.  Mr.  Weston  informs  me  that  he 
experimented  upon  only  a  single  kind  of  hose,  namely, the  so-called  ' '  solid 
rubber  "  hose,  and  so  far  as  I  could  judge  from  appearance  of  some  speci- 
mens cut  from  it,  the  character  of  the  interior  was  not  very  diflferent  from 
my  Sample  B.  He  cut  several  rings  from  some  of  the  hose  experimented 
upon,  and  found  their  diameter,  when  not  stretched  by  pressure,  to 
average  2.50  inches.  Lack  of  agreement  in  the  results  which  he  found 
•with  different  lengths  of  hose  indicates  that  the  different  sections  used 
differed  in  diameter  or  surface,  and  it  is  very  likely  that  the  hose  was 
expanded  to  a  slightly  larger  diameter  by  the  water  jaressure  when  in 
use  than  existed  when  diameter  was  measured.  His  hose  couplings 
were  of  but  2i  inches  diameter.  However,  the  comparison  stands  as 
follows,  for  240  gallons  per  minute  flowing: 

Deducing  the  friction  loss  from  those  experiments  of  Mr.  Weston  in 
which  the  flow  was  nearest  to  240  gallons  per  minute,  namely,  the  expe- 
riments which  he  numbers  11  and  22. 

Pressure  Lost  by  Friction  per  100  Feet  in  Length. 

Pounds. 

Per  Weston's  experiments  on  piece  96  feet  long 18.3 

"  "  "  "        385     "     "     14.9 

Average  value 16.6 

Per  Freeman's  exi^eriments  on  Sample  B  reduced  to  2i-inch  diam. .   14.0 

Difference 2.0 

One-half  jjound  of  the  above  difference  may  be  attributed  to  the 
reduction  of  area  in  the  2 i -inch  coupling  used  by  Mr.  Weston. 
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The  plate  (Fig.  50)  shows  the  site  of  experiments  upon  friction  loss  in 
hose.  This  view  illustrates  sinuosity  caused  by  elongation  of  hose  under 
pressure. 

In  the  ordinary  experiments  hose  was  carefully  straightened  out  after 
admitting  jsressure. 

Effect  of  Sintjosity  upon  Friction  Loss. 

The  experiments  on  this  subject  were  less  complete  than  desirable, 
"but  serve  the  practical  purpose  of  showing  that  ordinary  sinuosity  does 
not  very  materially  interfere  with  flow.  Almost  every  kind  of  fire-hose 
elongates  to  a  greater  or  less  degree  when  subjected  to  water  pressure. 
The  amount  of  this  elongation  for  the  several  kinds  under  experiment 
was  determined  at  the  same  time  as  the  expansibility  (see  page  353) ; 
and  was  also  repeatedly  determined  in  the  course  of  the  experiments 
on  friction  loss  by  laying  the  empty  hose  in  a  straight  line  jirevious  to 
the  experiment  and  taking  its  length,  then,  after  turning  on  the  water 
pressure  and  straightening  out  the  sinuosity  produced  by  the  stretch- 
ing, its  length  was  again  measured.  The  mean  values  for  the  stretch  or 
elongation  of  the  various  kinds  of  hose  are  given  in  Table  No.  6. 

The  natural  result  of  this  elongation  is,  that  though  a  line  of  empty 
hose  be  laid  jjerfectly  straight,  it  will  become  very  sinuous  as  soon  as  the 
water  is  admitted.  This  is  illustrated  in  Fig.  50.  To  determine  the  e£fect 
of  this  natural  sinuosity  upon  the  flow,  an  experiment  upon  the  friction 
loss  was  made  while  the  hose  was  lying  as  shown  in  Fig.  50,  and  im- 
mediately afterward  the  hose  was  straightened  with  much  care  to  con- 
form to  a  straight  line  previously  run  out  by  the  aid  of  a  transit  and 
marked  on  the  platform  by  a  stripe  of  white  paint. 

From  data  given  in  Tables  5  and  6  we  obtain  the  following  results: 
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described  on  the  three  following  pages. 
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The  above  justifies  us  in  saying,  in  a  rough  and  ready  way,  that  for 
fire  liose  in  general  the  friction  loss  in  hose  laid  in  its  ordinary  sinuous 
course,  but  not  cramped  or  kinked,  wiU  be  somewhere  about  6  per  cent, 
greater  than  if  laid  perfectly  straight.  Or  stated  in  another  form,  that 
for  the  standard  240  gallon  stream,  this  sinuosity  will  add  about  1.0 
pound  to  the  loss  in  the  hose  per  100  feet. 
Experiments  on  Effect  of  Ciroular.Cukves  of  from  2  to  4  Ft.  Eadius. 

It  was  thought  that,  by  reason  of  flexibility  of  hose,  some  interesting 
information  relative  to  general  effect  under  high  velocities  of  bends  of 
large  radius  could  be  obtained  ;  but  although  the  exjaeriment  was  made 
with  such  precautions  as  would  seem  to  prevent  possibility  of  serious 
error,  the  results  are  not  conclusive  in  determining  any  law  of  general 
application.     They  are,  however,  deemed  worth  putting  on  record. 

A  set  of  experiments  was  made  on  September  6th  with  2i-inch  hose. 
Sample  H,  but  as  the  results  were  ixnsatisfactory,  another  set  of  experi- 
ments was  tried  on  September  24th,  this  time  selecting  hose  from  Sam- 
ple D,  on  account  of  its  uniformity  of  diameter  at  couplings,  lack  of 
change  in  diameter  under  varying  pressures,  and  general  excellence  of 
finish.  The  section  of  hose  used  measured  57.2  feet  in  length  under 
pressure  of  59  pounds,  and  the  piezometer  couplings  (See  Fig,  2)  were 
attached  directly  to  its  two  ends,  there  being  about  50  feet  of  hose  from 
Sample  A,  between  the  up-stream  piezometer  and  the  hydrant,  and  about 
50  feet  of  hose  (A)  between  the  down-stream  piezometer  and  the  discharg- 
ing nozzle.  To  enable  the  piezometric  comparisons  to  be  made  with  the 
minimum  of  error  the  two  mercury  gauges  were  set  up  side  by  side  mid- 
way of  the  hose,  and  they  were  thus  both  observed  almost  simultaneously 
by  one  observei'.  Rubber  tubes  each  about  29  feet  long  were  thus  neces- 
sary to  reach  from  the  gauge  to  the  piezometer;  but  as  the  vertical  rise 
of  these  tubes  was  very  small,  had  air  bubbles  existed  in  the  tubes  they 
would  have  caused  but  almost  inappreciable  error.  Much  care  was 
taken,  however,  to  prevent  the  existence  of  air  bubbles,  by  blowing  off 
the  tubes  through  cock  at  gauge  before  each  experiment.  To  prevent 
so  far  as  possible  cross-currents  from  interfering  with  accuracy  of  piezo- 
meters, that  portion  of  the  hose  within  at  least  5  feet  of  each  piezometer 
was  carefully  straightened  before  each  experiment.  The  discharge  was 
in  each  case  measured  in  the  tank  as  already  described;  and  there  is  no 
reason  to  think  that  error  in  determination  of  rate  of  discharge  exceeded 
i  of  1  per  cent.,  and  no  reason  to  think  that  error  in  the  comparative 
readings  of  the  two  pressure  gauges  could  have  been  greater  than  0,10 
pound.     The  results  are  given  in  the  following  table: 
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It  will  be  noted  that  the  sequence  of  the  experiments  with  different 
radii  was  made  irregular,  in  order  to  break  up  any  periodic  error,  and 
that  agreement  of  the  repetitions  indicates  that  any  accidental  distortion 
of  the  hose  could  have  influenced  the  result  but  little. 

The  several  curves  experimented  upon  were  made  nearly  midway 
between  the  jjiezometers  and  were  of  the  form  shown  in  Fig.  51. 

Excepting  V,  the  total  curvature  was  in  each  case  360  degrees.  Be- 
tween each  of  the  curves  was  straight  tangent  of  length  equal  to  radius 
of  hose.  The  hose  was  laid  on  a  flat  floor  and  held  accurately  in  place 
by  pieces  of  3-inch  plank  jig-sawed  to  the  proper  radius,  and  much  care 
was  observed  in  j^lacing  it  in  order  that  it  might  not  be  wrinkled  on  the 
inner  side  or  flattened  on  the  outer  side  of  curve.  This  was  attained  by 
bending  and  placing  it  under  full  pressure.  Careful  calipering  indi- 
cated that  it  retained  its  cylindrical  form.  Two  feet  radius  was  about  as 
shari^ly  as  it  could  be  bent,  however,  and  retain  this  smooth  cylindrical 
form.  Tlie  difference  in  pressure  at  the  two  piezometers  was  first 
measured  with  the  hose  lying  straight;  then,  without  shutting  off  the 
flow  or  disturbing  the  pressure  within  the  hose,  the  hose  was  bent 
around  some  one  of  the  curves  and  the  loss  of  pressure  between  the 
piezometers  again  measured.  Gauges  were  read  at  intervals  of  fifteen 
seconds  and  each  value  as  here  given  is  thus  the  mean  of  about  fifteen 
observations.  The  water  pressure  was  fairly  steady,  the  extreme  range 
in  the  course  of  the  fifteen  observations  seldom  if  ever  being  more  than 
i  jDound,  and  generally  not  more  than  -nr  pound. 

As  the  results  came  out  diiierent  from  what  were  exi^ected,  some 
further  experiments  were  made  next  day  with  another  kind  of  hose, 
namely,  Sample  A,  a  remarkably  smoothly  finished  piece  of  solid  rub- 
ber hose,  the  interior  of  which  was  almost  as  smooth  as  lead  pii^e. 

The  above  results  are  remarkable,  and  it  is  to  be  regretted  that  there 
was  no  means  of  extending  the  series  down  to  shorter  radii,  or  of  investi- 
gating that  loss  due  to  the  bending  which  may  perhaps  have  continued 
within  the  straight  pijae  down  stream  from  the  end  of  curve. 

It  seems  pretty  clearly  proved  that  within  these  limits  there  was  more 
loss  with  the  large  radius  than  with  the  small.  This  same  condition  was 
indicated  by  the  experiments  of  September  14th,  under  somewhat  dif- 
ferent conditions.  PerhajDs  the  reason  for  this  is  that  the  arc  was 
longer  and  thus  there  was  a  greater  length  of  pipe  in  which  the 
current  was  disturbed. 
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ShaxiL  the  Standard  Diameter  for  Fire  Hose  be  Increased? 

To  illustrate  the  effect  of  diameter  of  hose  upon  tlie  loss  of  pressure 
by  friction  tlie  following  table  is  presented.  This  is  computed  by  the 
well  established  law  that  loss  of  i)ressure  varies  inversely  as  the  fifth 
power  of  diameter: 


For  any  definite  number  ] 
of  gallons  per  minute  flowing,    | 
the  loss  of  pressure  due  fric-   V  3 
tion    per    100    feet    of   hose,    | 
■whose  diameter  is  J 

do  do  2% 

do  do_  2^ 

do  do'  2% 


inches  is  only  40  per  cent. 


as  much  as  in  hose  of  the 
same  smoothness,  whose 
diameter  is  exactly  2>e 
inches. 


.^0 

do 

do 

62 

do 

do 

78 

do 

do 

do 


i% 


do 

do 

,  2K   " 

70 

do 

do 

2%   " 

2. 

do 

do 

2. 

3.05 

f  more  than  in  hose  of  the 
„  J  same   smoothness,  whose 

1  diameter    is  exactly    2}i 

[  inches. 
"  do  do 

times  as  much  as  in  2>^-inch  hose. 


This  table  is  well  w'orthy  of  study  by  makers  of  hose. 

By  way  of  further  illustrating  the  laractical  bearing  of  this  question 
of  diameter,  we  may  say  that  if  the  Boston  Woven  Hose  Company,  for 
instance,  should  increase  the  diameter  of  hose  like  sample  D,  in  Table 
No.  6,  on  page  348,  by  yo  inch,  thiis  making  it  same  size  as  sample  E,  the 
observed  friction  loss  for  each  hiindred  feet  of  length  would  be  10 
pounds  instead  of  14.5  pounds,  as  found,  or  a  saving  of  31  per  cent,  of 
power  now  wasted. 

And  as  a  further  illustration  we  may  venture  the  suggestion  that  if 
some  enterprising  firemen,  who  earnestly  desired  the  prize  for  distance 
playing  at  a  firemen's  muster,  should  have  some  hose  smooth  as  sample 
C  or  D  (see  Fig.  47),  manufactured  with  internal  diameter  of  2i  inches 
instead  of  2^,  but  fitted  with  the  ordinary  2j-iuch  coupling,  this 
difference  in  diameter,  though  so  small  as  to  be  almost  unnoticeable, 
especially  if  hose  were,  like  sample  D,  made  without  a  jacket,  would, 
with  the  customary  250  feet  of  hose  and  a  li-inch  stream,  make  more 
difference  in  the  distance  reached  than  would  any  fancy  nozzle;  and,  in 
comparison  with  hose  of  the  same  smoothness,  2}  inches  in  diameter, 
would,  with  the  same  pressure  at  engine,  throw  the  extreme  drops  about 
15  or  20  feet  farther.  With  greater  length  of  hose  than  250  feet  the 
difference  would  be  very  much  more  marked. 

From  strong  practical  reasons,  this  slightly  increasing  diameter  of 
such  brands  of  cotton  rubber-lined  hose,  as  are  now  made  exactly  2j 
inches  diameter,  is  well  worthy  consideration,  especially  by  the  makers 
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of  woven  hose.  (lu  knit  liose,  solid  rnbber  hose  and  leather  hose,  a 
somewhat  increased  size  is  at  present  attained  bj  the  natural  expansion 
under  pressure,  as  shown  on  page  353.) 

The  2^-inch  standard  was  first  adopted  years  ago,  before  pumps  or 
steam  fire  engines  had  attained  their  present  perfection,  delivery  or 
cai^acity,  and  before  the  costly  exijerience  gained  in  large  mill  fires,  as 
well  as  in  the  large  fires  of  Portland,  Chicago  and  Boston,  had  led  to  a 
general  increase  in  size  of  streams  thrown  at  serious  fires. 

Costly  experience  has  shown  that  in  serious  fires  a  small  stream  is 
evaporated  as  it  falls  in  spray  through  the  flames,  while  if  a  large  stream 
is  thrown  enough  may  escape  the  evaporation  to  im^s  through  the 
heated  gases  and  reach  the  burning  coals  themselves.  Streams  large  in 
volume  are  thus  a  necessity. 

In  a  well  designed  and  first-class,  modern,  mill-hydrant  system,  lines 
of  hose  more  than  250  feet  in  length  will  not,  as  a  general  thing,  be 
necessary;  and  the  friction  loss  in  hose  is  thus  in  one  sense  of  less  im- 
portance thei'e  than  in  much  of  the  work  of  a  city  'fire  department, 
where  lines  upward  of  500  feet  in  length  are  often  used. 

Considering  the  needs  of  city  departments,  the  writer  believes  it 
would  be  of  much  practical  advantage  for  ordinary  fire  hose  to  be  at 
least  of  2|  inches  diameter;  this  to  be  fitted  up  for  the  present,  however, 
or  until  favorable  experience  fully  jjroves  the  advantage  of  a  general 
change,  with  a  coupling  of  2 J  inches  bore,  so  as  to  be  perfectly  inter- 
changeable with  hose  at  present  in  use.  Such  a  hose  would,  with  the 
same  pressure  at  hydrant  or  steamer,  give  a  stream  at  the  end  of  1  000 
feet  of  hose,  equally  large  and  strong  as  would  be  thrown  at  the  end  of 
a  line  about  650  feet  long  of  2^  inches  diameter. 

The  only  objections  to  its  use  are,  first,  the  increased  weight  to 
handle.  This  cannot  be  considered  insurmountable,  in  view  of  the  fact 
that  much  knit  hose  now  in  use  is,  when  expanded  by  pressure,  of 
neaily  this  size,  and  is  handled  without  diflficulty.  Moreover,  a  length  or 
two  of  light  unjacketed  2 i -inch  hose  could  be  used  next  nozzle  for  inside 
work  or  work  on  ladders.  The  second  objection  is  the  reduced  bursting 
strength  due  the  larger  diameter.  This,  with  the  fabric  remaining  just 
the  same,  would  amount  to  only  10  per  cent.,  and  any  fabric  now  stand- 
ing 500  pounds  on  2v  inches  diameter  would  stand  450  pounds  on  the  2f 
inches  diameter.  In  fact,,  the  best  2i-inch  jacket  fabrics  of  to-day  are 
plenty  strong  enough  to  stand  a  3-inch  diameter,  and  I  incline  to  the 
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opinion  that  it  may  be  best  not  to  stop  content  with  the  2%-inch  diam- 
eter, but  to  go  far  enough  while  we  are  about  it  and  adopt  a  3-inch  , 
diameter  as  the  standard  for  fire  hose.*  Before  going  too  far  in  this 
recommendation  I  should  like  to  see  the  result  of  an  outfit  of  such  hose  in 
the  fire  department  of  some  large  city  for  six  mouths,  and  learn  if  the  men 
found  it  too  heavy,  or  found  practical  diflficulty  in  its  maniijulation.  Ulti- 
mately a  standard  3-inch  coupling  should  be  adopted,  and  somebody, 
preferably  the  National  Association  of  Fire  Engineers,  should  decide  on 
an  appropriate  thread,  which  should  be  standard  aud  universal  from  Mon- 
treal to  Mexico.  There  are  now  upward  of  200  different  "standard" 
threads  t  inusefor  2)^-inch  hose,  and  this  sad  confusion  has  many  times 
led  to  serious  damage  and  delay,  and  more  than  once  rendered  aid  sum- 
moned from  neighboring  towns  during  a  serious  conflagration  of  little 
avail.  While  the  matter  is  in  a  tentative  state  I  would  advise  using  this 
3-inch  hose  on  the  coupling  of  2^0  inches  bore,  in  order  that  it  might  fit 
ordinary  hydrants  and  engines  aud  be  perfectly  interchangeable  with  the 
old  standard  hose.  The  couplings  should,  however,  be  designed  and 
made  with  care,  avoiding  a  square  shoulder  where  diameter  is  reduced 
from  3  to  2|2.  and  making  this  reduction  or  enlargement  in  every  case 
by  long,  easy,  round  cornered  taper. 

If  the  reduction  of  diameter  is  made  in  this  manner,  the  loss  by  using 
the  2)^ -inch  interchangeable  coupling  will  be  much  less  than  would  at 
first  thought  be  expected,  and  the  loss  of  pressure  by  such  a  coupling 
at  each  fifty  feet  would  be  less  than  5  per  cent,  of  the  pressure  saved 
by  the  larger  size  of  hose. 

Experiments  on  Effect  op  Reduction  of  Diameter  at  Hose  Couplino. 

A  few  experiments  were  made  to  see  what  extra  friction  loss  would 
be  caused  by  couplings  of  2}4,  inches  bore  on  2iJ-inch  hose.  The  old- 
fashioned  tail  couplings  for  2\C-inch  hose  had  a  waterway  of  but  2,^4 
inches  in  diameter.  These  were  the  kind  used  in  Weston's  experiments, 
and  it  was  desirable  to  know  how  far  this  constriction  of  waterway  modi- 
fied his  results. 

These  experiments  were  made  by  taking  a  line  of  2i  J-inch  hose  about 

*  The  above  was  written  about  a  year  ago  and  submitted  to  Mr.  Reed,  Treasurer  of  the 
Eureka  Fire  Hose  Company  of  New  York,  and  otliers. 

I  am  pleased  to  note  that  the  Eureka  Company  have  acted  on  this  matter  and  have  alre»dy 
equipped  several  departments  with  trial  outfits  of  3-iuch  hose,  ana  from  them  learn  that  the 
result  so  far  l»  most  encouraging. 

t  The  Chapman  Valve  Company  have  t;*"Ke8  for  200  different  patterns  of  2\-inch  hose- 
coupling  threads  in  regular  use  in  various  cities  and  towns  of  the  United  States.  And  A.  J. 
Morse  &  Son,  of  Boston,  make  2i  Inch  hose-couplings  to  upward  of  sixty  different  gauges. 
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300  feet  in  length,  having  full  size  2i^-inch  couplings,  and  after  having 
carefully  determined,  by  the  methods  already  described,  the  loss  of 
pressure  in  its  length  for  certain  rates  of  flow,  water  was  shut  off,  and  the 
joints  between  the  six  50-foot  sections  of  hose  uncoupled,  and  bushings 
consisting  of  tubes  4~,V  inches  long,  with  2 14  inches  diameter  of  water- 
way and  square  ends,  were  inserted  at  each  of  these  five  joints.  ■  The 
joints  were  then  coupled  up  again,  and  the  loss  of  pressure  determined 
for  the  same  rates  of  flow  as  before.  One  of  the  couplings  without  the 
bushing  is  shown  in  Fig.  52,  and  a  coupling  containing  a  bushing  is 
shown  in  Fig.  53. 

Hose  Cociplinge.  '^ 


ri^  53. 


.  BtJShinJ  im.thicK  X -tiin-long  wi'th   square 
Corners  inserted  in  COupdng  Sho^-n  above 

These   »vere    founal  to  eactn  cause  loss 
*         of  pre 39 -jr-c  of  0.25   'bs.  .vith    Z^oQallon; 
p«rmin\jte   flowing. 
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Two  entirely  independent  sets  of  experiments  were  made,  one  set  witli 
solid  rubber  hose  (sample  B),  and  the  other  with  cotton  rubber  lined 
hose  (sample  H). 

Date  of  experiments September  5.  September  16. 

Kind  of  hose Solid  rubber  (B).  Eubber  lined  (H). 

Average  internal  diameter  of  hose. .  2.60    inches.  2.63  inches. 

Average  internal  diameter  of  coup- 
lings   2.53         "  2.51 

Average  internal  diameter  of  bush- 
ings   2.23        "  2.23 

Number  of  independent  exj)eriments  4  3 

Average  number  of  gallons  per  min- 
ute flowing  in  hose 211.7  206.9 

Average  increased  loss  of  head  due 

inserting  five  bushings 1 .01    pounds.  0.95  pounds. 

Loss  of  head  due  each  bushing*....  0.190       "  0.202      " 

From  the  above  experiments  we  deduce  that  with  240  gallons  per 
minute  flowing  the  effect  of  such  a  square  shouldered  reduction  of 
waterway  at  hose  coupling  from  2}^  to  2^^  inches  would  be  to  cause  a 
loss  of  0.25  pounds  at  each  bushing,  or  0.50  pounds  additional  loss  per 
100  feet  of  hose. 

If  up-stream  end  or  entrance  of  bushing  had  been  rounded  and  dis- 
charging end  tapered  out  to  full  diameter,  the  loss  due  the  reduction 
of  area  at  couplings  could  have  been  made  much  smaller,  or  probably 
less  than  half  the  above  amount. 


*  These  results  agree  very  well  with  theory  that  loss  by  impact  due  a  sudden  reduction 
of  velocity  equals  head  due  the  difference  of  the  velocities.  (See  Professor  Swain's  notes  on 
Hydraulics,  page  36,  or  Professor  Merriman's  Hydraulics,  page  149.)  Co-efficient  contiaction 
at  upper  end  of  bushing  will  bo  0.83  (per  Cox's  Weisbach,  page  841).  Therefore,  velocity  in 
contracted  portion  is  20.95,  and  in  passing  to  uncontraeted  portion  of  buRhing  velocity  Is 
there  17.39,  from  which  sudden  reduction  of  3.56  feet  in  velocity  there  results  a  loss  of  0.20 
feet  head;  and  again,  in  passing  from  bushing  into  hose,  velocity  is  reduced  to  12.79  feet  per 
second,  a  reduction  of  4.60  feet,  for  which  the  corresponding  loss  of  head  is  0.33  feet. 

Thus,  the  total  loss  by  this  theory  would  be  .33  +  .20  —  .53  feet,  or  0.23  pounds,  instead  of 
0.20,  as  actually  found. 
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Loss  OF  Head  due  to  Reduction  of  Area  of  Hose  by  "Washers 
AT  Coupling. 

In  coui^ling  hose,  use  is  frequently  made  of  washers  which  are  a  little 
smaller  than  proper.  As  it  took  but  little  time  to  make,  in  course  of 
the  experiments  already  described,  a  few  experiments  on  this  subject,  it 
was  done.  It  is  hardly  worth  while  to  describe  the  experiments  in  de- 
tail; but  we  may  say  that  in  three  cases,  immediately  after  the  regular 
experiment  in  which  washers  of  full  bore  of  hose  were  used,  these  2  J-inch 
washers  were  taken  out  and  other  washers  with  hole  about  2i  inches 
diameter  (actually  2.28  inches)  inserted  in  their  place,  and  the  friction 
loss  through  the  hose  with  these  small  washers  again  determined.  Then 
these  2i-inch  washers  were  in  turn  replaced  by  washers  with  2.00-inch 
hole,  and  the  exi^eriment  again  repeated  for  two  quite  different  velocities 
of  flow.  The  washers  were  of  a  firm  quality  of  rubber  and  about  -^V 
inch  thick,  evenly  moulded,  and  with  sharp  corners,  and  probably 
retained  nearly  their  original  form  during  the  experiment.  For  con- 
venience of  comparison  the  results  are  reduced  to  the  basis  of  240  gallons 
per  minute  (a  first  class  li  inch  fire  stream)  flowing  in  hose,  and  average 
as  follows: 

Loss  caused  bt  insertion  of  Washers  2.28-inch  Diameter  in  2i-iNCH 

Hose  Coupling. 

Sept.  4th.  Hose=:Sample  jK".  Average  loss  for  each  washer,  0.48  pound. 
"     6th.       "  "        B.         "  "  "        0.49       " 

"   10th.       "  "        D.         "  "  "        0.70       "     , 

Average 0.56       " 

Loss   CAUSED   BY   INSERTION   OF   WaSHERS   2  INCHES   DiAJIETER  IN    2^ -INCH 

Hose  Coupling. 

Sept.    4th.  Hose=Sample -K".  Average  loss  for  each  washer,  2.61  pounds. 
"      6th.       "  "        B.         "  "  "       3.56 

"    10th.       "  "        D.         "  "  "       3.15 

Average 3. 11        " 

Under  the  ordinary  theory  that  in  constrictions  of  area  like  this  the 
loss  of  pressure  equals  the  head  due  the  difference  in  velocities,    and 
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assuming  that  the  co-efficients  of  contraction  found  in  experiments  on 
ring  nozzles  apply  here,  we  should  expect  for  the 

Washer  with  hole  2.28  inches  diameter,  a  loss  of 0.51  pounds. 

"        "    2.00      "  "  "        2.39       " 

The  actual  loss  is  from  14  to  30  per  cent,  greater  than  this,  but  the 
agreement  is  satisfactory,  in  view  of  the  yielding  nature  of  the  diaphragm. 
We  comjaute,  therefore  (by  adding  25  per  cent,  to  theoretical  loss  as 
deduced  above),  that  in  hose  with  2i-inch  coui^lings  the  loss  due  use  of 
washers  smaller  than  hose  will  be  as  follows: 


Inside  Dimension  of 
Washers. 

For  Flow  of  200  Gal- 
lons per  Minute. 

240  Gallons  per 
Minute. 

300  Gallons  per 
Minute. 

Loss  due 

each 
Washer. 

Loss  per 
100  Feet 
of  Hose. 

Loss  due 

each 
Washer. 

Loss  per 
100  Feet 
of  Hose. 

Loss  due 

each 
Washer. 

Loss  per 
100  Feet 
of  Hose. 

With  2|-inch  hole 

0.10  lbs. 

.52 
1.16 
2.08 

0.20  lbs. 
1.04 
2.32 
4.16 

0.15  lbs. 

.75 
1.67 
2.99 

0.30  lbs. 
1.50 
3.34 
5.98 

0.23  lbs. 
1.17 
2.61 
4.67 

0.46  lbs. 

'•     2|      "      "     

2.34 

5.22 

'■  2*  •■  "  :::::::::;; 

9.34 
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Experiments  on  Jets. 

The  site  of  all  the  jet  experiments  recorded  in  Tables  Nos.  9,  10  and 
11  is  shown  in  Fig.  54.  The  site  of  the  experiments  recorded  in  Table 
No.  12,  for  determining  greatest  horizontal  distance  that  could  be  thrown 
with  a  given  pressure,  is  shown  in  Fig.  55. 

The  experimental  data  previously  on  record  for  height  reached  by 
jets  is  very  scanty  indeed,  and  some  of  the  writers  apparently  fail  to 
recognize  how  few  are  the  experiments  on  which  existing  tables  are 
based.  Thus  it  is  stated  in  the  most  recently  i^ublished  treatise  on 
hydraulics  ("A  Treatise  on  Hydraulics,"  by  Mansfield  Merriman,  Wiley 
and  Sons,  1889,  page  132)  that  "the  experiments  of  Ellis  determine  the 
height  and  range  to  which  jets  may  be  thrown,"  etc.,  and  then  follows 
a  table  for  vertical  jets,  giving  a  synopsis  of  his  conclusions.  Now,  in 
point  of  fact,  Ellis  says  he  made  no  experiments  on  vertical  jets,  but 
says  these  figures  in  his  tables  are  from  the  published  figures  of  J.  Her- 
bert Shedd,  M.  Am.  Soc.  C.  E.  Tracing  them  back  a  step  further,  we  find 
Mr.  Shedd  made  no  such  experiments;  but  that  certain  tables  were  pre- 
pared at  his  direction  by  E.  B.  Weston,  M.  Am.  Soc.  C.  E.,  and  by 
Charles  H.  Swan,  M.  Am.  Soc.  C.  E.  Subsequently  Mr.  Weston  made 
a  further  study  of  the  subject,  and  the  data  used  and  the  conclusions 
reached  were  presented  to  this  Society  by  Mr.  Weston  in  a  paper  read 
September,  1884. 

Mr.  Weston,  in  turn,  in  preparing  these  tables  made  use  of  no 
experiments  of  his  own  on  height  reached  by  jets,  but  compiled  and 
compared  with  the  data  given  by  Box  a  few  additional  experiments, 
viz.,  some  experiments  by  J.  Foster  Flagg,  M.  Am.  Soc.  C.  E.,  on  an 
orifice  which  bore  but  little  resemblance  to  a  hose  nozzle,  and  also  some 
experiments  by  Mr.  S.  Van  Cleve,  in  which  the  determination  of  the 
pressure  was  rendered  uncertain  by  being  measured  at  a  point  on  a  line 
of  hose  50  feet  distant  from  the  nozzle,  and  which  experiments  show  a 
good  deal  of  variation  among  themselves.  Finally  Mr.  Weston  simply 
made  use  of  the  formula  given  in  Box's  Hydraulics.  Thus  it  happens 
that  the  tables  of  Merriman ,  Ellis  and  Shedd  for  vertical  jets  merely 
repeat  the  table  and  formula  in  Box's  Hydraulics  without  change  (see 
pages  38  and  39,  6th  Edition).  Box,  in  presenting  his  table,  says: 
"There  are  very  few  reliable  exjieriments  on  this  subject,"  and  that 
"more  experimental  information  is  very  desirable,"  and  gives  his 
formula  as  merely  a  tentative  one. 
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High  jets  are  a  cliflficult  subject  for  accurate  experiment,  and  the 
result  of  my  experiments  shows  that  though  Box's  empirical  formula  is 
incorrect  in  some  of  its  details,  yet  his  general  result  is  somewhere  near 
correct  within  the  range  of  sizes  common  for  fire  streams,  and  it  is  found 
to  be  much  more  accurate  than  would  naturally  be  expected  in  view  of 
the  incompleteness  of  the  data  with  which  Mr.  Box  had  to  work. 

This  is  illustrated  by  the  following  comparison  : 


Hydrostatic 

Pressure. 

Feet. 

Pounds. 

57.7 

=    250 

100.0 

=    43.3 

115  5 

=    50.0 

161.6 

=    70.0 

200.0 

=    86.6 

230.9 

=  100.0 

3-inch  Nozzle. 

Height  of  Jet 
by  Box's 
Formula. 


Feet. 

50.8 

79.0 

87.7 

107  3 

116.7 

120.0 


3-inch  Nozzle. 
Height  of  ex- 
treme Drops 
by  Freeman's 
Experiments. 

Error  of 

Box 
Formula. 

l|-inch 
Nozzle 
per  Box. 

li-inch 

Nozzle 

per 

Freeman . 

Feet. 

Feet. 

Feot. 

Feet. 

49.4 

+    1-* 

53  5 

51.2 

82.5 

—    3.0 

87.5 

88.0 

92  3 

—    46 

98.8 

101.2 

113.5 

—    62 

129  0 

134.8 

127.0 

—  10.3 

150.0 

l.'J0.7 

133.2 

—  13.2 

164.4 

158.9 

Error  of 

Box 

Formula. 


Feet. 
-f  2.3 

—  0.5 

—  2.4 

—  5.8 

—  0.7 
-f5.5 


It  will  be  seen,  however,  on  examining  the  expeiiments  presented 
below,  and  from  the  plotted  curves  of  Fig.  56,  that  they  plainly  indicate 
that  the  loss  of  height  due  to  resistance  of  air  for  jets  of  large  diameter 
varies,  according  to  a  law,  somewhat  different  from  that  implied  by  the 
Box  formula. 

Effect  of  Wind. 

Since  making  these  experiments  on  jets,  I  am  disposed  to  regard 
with  suspicion  the  high  accuracy  of  any  experiments  on  high  jets  which 
are  not  described  with  the  fullest  detail  as  to  stillness  of  air.  We  were  sur- 
prised at  the  extreme  sensitiveness  of  height  of  jets  at  40  pounds  or  more 
pressure,  to  even  very  faint  wind.  On  three  or  four  different  days  a  slight 
breeze  sprang  up  just  as  experiments  on  jets  either  vertical  or  at  75  or  60 
degrees  elevation  were  being  commenced,  and  it  was  found  that  even  a  mod- 
erate summer  afternoon  zephyr  would  cut  down  the  height  of  the  ex- 
treme drops  by  fully  10  per  cent.  Thus,  on  September  15th,  with  Ij- 
inch  smooth  nozzle  set  at  60  degrees  elevation  and  under  about  50 
pounds  water  pressure,  a  breeze  rather  suddenly  sprang  up,  blowing  in 
direction  of  jet.  It  at  once  reduced  height  of  the  extreme  drops  from 
82  to  67  feet.  This  was  merely  a  "moderate  to  fresh"  breeze,  and 
from  a  station  on  the  mill  roof  I  very  roughly  estimated  its  velocity  at 
from  8  to  12  miles  per  hour. 
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Again,  on  Seijtember  2J:th,  wlien  trying  to  experiment  with  a  2-inch 
jet  from  a  Siamese  pipe  set  at  60  degrees  elevation  and  with  about  50 
pounds  pressure  on  nozzle,  I  found  that  with  a  fresh  breeze  coming  in 
occasional  gusts  in  direction  against  the  stream,  the  extreme  height  of 
the  stream  was  10  feet  greater  in  the  lulls  than  while  wind  was  blowing. 

On  another  occasion,  when  experimenting  on  the  maximum  hori- 
zontal distance  that  a  jet  could  be  thrown,  it  was  found  that  a  gentle 
breeze,  apparently  of  about  6  feet  velocity  per  second,  blowing  in  direc- 
tion opposite  to  jet  reduced  the  distance  attained  by  the  extreme  drops 
from  125  to  100  feet. 

I  had  much  difficulty  in  finding  a  day  sufficiently  calm  for  satisfac- 
tory experiments,  and  sometimes,  when  it  would  seem  calm  down  on  the 
ground,  on  going  to  the  mill  roof  breeze  enough  would  be  found  to 
interfere  materially  with  accuracy. 

For  six  weeks,  while  engaged  on  the  other  experiments  recorded  in 
this  paper,  we  kept  apparatus  in  condition  so  it  could  be  quickly 
arranged  for  jet  experiments,  and  we  continually  kept  watch  of  the 
smoke  from  the  neighboring  tall  factory  chimneys,  and  also  kept  watch 
of  a  little  flag  which  we  hung  near  the  position  of  summit  of  jet.  Sev- 
eral times  we  started  our  jets  and  had  to  give  up  on  account  of  effect  of 
a  slight  wind  being  plainly  evident.  In  the  course  of  the  six  weeks  we 
fofind  only  a  very  few  brief  periods  when  the  air  was  calm,  and  that  the 
experiments  on  jets  now  presented  are  in  some  respects  less  extended 
and  complete  than  I  desired,  is  due  to  the  fact  that  these  jDeriods  of  still 
air  were  so  very  few*  and  so  brief. 

So  very  marked  was  the  eftect  of  currents  of  air,  as  to  leave  no  doubt 
that  the  remarkable  records  for  distance-playing  sometimes  made  at 
firemen's  musters  are  due  to  some  favoring  flaw  of  wind  rather  than  to 
any  peculiar  excellence  of  form  of  nozzle  used. 

The  site  and  general  arrangement  of  the  apparatus  is  shown  by 
Pigs.  54  and  55  so  clearly  as  to  need  but  little  further  description.  It  is 
to  ba  clearly  understood,  however,  that  in  the  final  experiments  upon 
which  tables  are  based,  only  one  nozzle  was  used  at  a  time.  The  two 
views  just  mentioned  both  illustrate  experiments  for  comiiaring  the  rel- 
ative merits  of  two  nozzles,  and  when  thus  using  two  nozzles  near 
together,  there  was  apparently  a  slight  and  equal  increase  in  the  dis- 
tance reached  by  both  streams,  due  to  the  air  currents  set  in  motion  by 
the  jets  themselves. 
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Vektical  Jets  and  Jets  at  Elevations  of  60  and  75  Degrees. 

As  may  be  judged  from  an  inspection  of  Fig.  54,  the  facilities  for 
accurate  observation  were  of  unusual  excellence,  by  reason  of  the  con- 
venient position  of  the  roofs  of  these  very  large  and  high  mills. 

The  writer  stood  generally  upon  the  Washington  Mill  roof,  and  from 
this  position  noted  the  height  of  jet ;  occasionally  he  stood  on  the 
Pacific  roof,  and  from  that  point  noted  the  character  of  jet  as  to  fine- 
ness of  drops,  etc. ,  which  from  that  station  could  be  seen  with  great  dis- 
tinctness; but  as  the  two  mills  were  only  about  50  feet  apart,  the  jet 
could  also  be  observed  with  great  distinctness  from  the  Washington 
roof. 

As  there  were  windows  at  each  story  in  the  end  of  the  Washington 
Mill,  observations  upon  jets  at  a  less  height  were  also  readily  made. 
The  joints  of  the  brick-work  in  the  blank  end-wall  of  the  Pacific  Mill 
served  a  convenient  purpose  in  making  it  resemble  a  large  "cross- 
section  sheet,"  against  which  the  jets  were  seen  projected,  and  by  sight- 
ing past  a  horizontal  or  vertical  bar  conveniently  located,  it  was  easy  to 
refer  any  point  to  the  co-ordinates  for  height  and  distance  as  marked  on 
the  two  masts  and  on  the  wall. 

There  was  of  course  a  little  parallax  at  times  due  to  the  observer's 
l^osition,  but  the  writer  was  careful  to  bear  this  in  mind,  and  to  allow  for 
it  according  to  his  best  judgment.  I  took  several  instantaneous  photo- 
graphs of  the  jets;  but  a  very  wide  angle  lens  had  to  be  used,  and  in 
general  the  conditions  were  not  favorable  for  good  i^hotographic  work, 
and  as  the  periods  of  still  air  were  found  to  be  so  few,  very  little  time  for 
photographic  records  could  be  afforded. 

Water  was  supplied  from  the  city  reservoir  iu  nearly  all  cases  where 
pressure  at  base  of  play-pipe  was  not  more  than  50  or  60  pounds.  For 
higher  pressures  the  rotary  fire-pumps  were  used. 

Generally  speaking,  the  pulsation  of  jet  was  not  excessive,  and  in  all 
cases  the  jet  was  carefully  watched  for  some  little  time  and  the  mean 
value  recorded. 

I  consider  that  any  existing  errors  of  observation  on  extreme  height 
of  jet  due  to  a  given  pressure  are  duo  to  air  currents  more  than  to  any 
other  cause. 

There  is  a  good  deal  of  irregularity  in  the  observations  on  extreme 
distance  as  a  "good  fire  stream,"  but  this  is  due  to  the  indefiniteness 
of  determining  just  what  constitutes  this. 


Fig.  54. 


Experiments  on  Fire  Streams  at  High  Elevations. 


The  final  experiments  on  which  tables  for  height  of  jets  are  based  were  made  at  this  site,  but  in 
these  only  one  nozzle  was  used  at  a  time. 

Sketch  illustrates  experiments  to  determine  which  of  two  nozzles  (ring  or  smooth,  for  instance) 
was  the  better,  or  would  throw  stream  highest  and  with  the  least  spraying,  —  pressure  at  base  of 
each  play-pipe  being  the  same.  For  this  the  two  50-ft.  lines  of  hose  leading  to  play-pipes  were  of 
same  kind;  bends  in  hose  at  base  of  play-pipe  were  carefully  laid  flat  on  the  inclined  platform,  as 
shown,  and  clamped  between  blocks  jig-sawed  from  3-m.  plank,  so  each  hose  lay  in  flat  curve  of 
3  feet  radius.     1  to  2  feet  of  hose  next  base  of  play-pipe  was  straight. 

The  masts,  A  and  B,  were  graduated  in  feet,  and  reached  to  a  height  of  124  feet  above  nozzle. 
Below  the  masts,  scales,  made  of  strips  of  wood  strung  on  heavy  steel  wire,  marked  each  foot  in 
height  along  face  of  wall. 

Horizontal  distances  from  end  of  nozzle  were  marked  by  wooden  rods  10  feet  apart,  nailed  to 
top  of  wall,  as  shown. 

"When  height  of  jet  was  more  than  130  feet,  the  mast,  C,  and  sighting  bar,  D,  were  used  in 
estimating  height,  proper  allowance  being  made  for  parallax. 

The  play-pipes  and  their  supporting  "platform  could  be  set  at  any  angle  of  elevation  required, 
and  securely  clamped. 

End  of  nozzle  was  set  level  with  zero  of  mercury  pressure  gauges  and  zero  of  scale  of  height. 

An  assistant  regulated  pressure  to  within  one-tenth  of  a  pound  by  valves  at  hydrant,  and,  when 
all  was  ready,  one  observer  read  the  mercury  gauges  each  half  minute,  while  another  observed  and 
noted  height  and  characteristics  of  jet,  as  seen  from  the  mill  roofs. 
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Apparatus. 

The  mercury  gauges  shown  in  Fig.  1  and  piezometers  of  form  shown 
in  Fig.  2  and  already  described,  were  used  exclusively  in  all  the  exjieri- 
meuts  which  are  recorded  below.  Generally  speaking,  the  mean  press- 
ure was  thus  determined  with  certainty  within  i  pound  per  square  inch. 
The  height  marks,  at  corners  of  Pacific  Mill,  were  made  of  strijis  of  board 
strung  on  stout  steel  wire.  These  were  first  adjusted  on  a  level  floor 
at  the  proper  distances  by  aid  of  a  steel  tape.  The  strips  of  board  were 
then  conspicuously  figured  with  black  paint  and  hoisted  into  position. 
The  masts  A  and  B  were  similarly  graduated  by  means  of  a  steel  tape, 
and  consi^icuously  marked  and  figured  before  hoisting. 

The  angles  of  elevation  for  the  jets  at  site  shown  in  Fig.  51  were  set 
off  by  the  aid  of  a  very  large  and  accurate  vernier  protractor.  This  was 
used  directly  to  set  two  batter  boards  or  straight  edges  each  4  inches 
wide,  16  feet  long,  which  were  nailed  to  the  wall  at  angles  of  60  and  75 
degrees  respectively,  with  error  of  angle  probably  not  exceeding  one 
minute.  As  each  play-pipe  was  clamped  to  the  supporting  frame,  it  was 
carefully  adjusted  by  sighting  the  center  line  of  jet  or  rather  the  mean 
of  its  edges  out  of  wind  with  the  straight  edge  above  mentioned,  and 
thus  it  is  probable  that  jets  did  not  vary  by  so  much  as  ten  minutes  of 
arc  from  60  or  75  degrees. 

Height  as  Good  Fire  Stream. 

The  determination  of  this  was  a  matter  to  which  the  writer  gave 
much  attention,  because  of  the  fact  that  a  knowledge  of  height  of  the 
extreme  drops  is  of  comparatively  little  practical  value  to  the  fireman 
although  of  much  interest  to  the  physicist,  and  also  because  of  the  fact 
that  tables  of  "height  of  jets"  in  all  the  text  books,  pump  catalogues, 
etc.,  being  really  the  height  for  the  extreme  drops,  while  height  as  a 
good  practical  fire  stream  was  only  about  two-thirds  as  much,  has  some- 
times led  to  serious  misunderstandings. 

The  extreme  limit  at  which  a  jet  can  be  called  a  "good  fire  stream  " 
is  not  sharply  defined,  but  is  to  a  considerable  extent  a  matter  of  judg- 
ment. It  was  hard  to  define  the  exact  limit,  and  say  within  5  feet,  or  in 
some  cases  even  within  10  feet,  just  exactly  where  the  stream  ceased  to 
be  good.     The  plotted  observations  show  this  by  the  way  they  jump 
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about,  but  it  was  the  intention  that  the  various  estimates  should  be  in- 
deisendeut.  To  give  a  clearer  idea  of  just  what  I  had  in  mind,  the  fol- 
lowing statement  is  presented: 

In  recording  the  maximum  distance  to  which  the  jet  attained  in 
such  shape  that  it  could  be  classed  as  a  good  fire  stream,  I  classed  as 
such: 

First. — A  stream  which  at  limit  named  had  not  lost  continuity  of 
stream  by  breaking  into  showers  of  spray. 

Second. — A  stream  which  up  to  limit  named  appeared  to  shoot  nine- 
tenths  of  whole  volume  of  water  inside  of  a  circle  15  inches  diameter 
and  three-quarters  of  it  inside  a  10-inch  circle,  nearly  as  could  be 
judged  by  the  eye. 

Third. — Which  would  probably  be  stiff  enough  to  attain  in  fair  con- 
dition the  height  or  distance  named,  even  though  a  fresh  breeze  were 
blowing. 

Fourth. — Which  at  limit  named  would,  Avith  no  wind,  enter  a  room 
through  a  window-opening  and  barely  strike  ceiling  with  force  enough 
to  spatter  well. 

It  will  be  noted  that  plottings  of  these  distances  as  "good"  and 
"fair  "  streams  jump  about  irregiilarly,  and  my  mean  curve  for  "  good 
fire  streams  "  should  not  be  considered  strictly  definite  within,  say,  10 
or  15  per  cent. 

Very  likely  many  would  class  a  stream  as  a  "  good  fire  stream"  up  to 
the  point  where  I  classed  it  as  "  fair,"  but  I  endeavored  to  allow  a  fair 
margin  for  effect  of  wind.  The  adjustment  of  the  curves  of  Figs.  5Qb  and 
57b  for  the  several  sizes  of  nozzle  for  limit  of  good  streams  was  guided 
mainly  by  analogy  from  the  distance  apart  of  the  curves  for  extreme 
horizontal  and  vertical  distance. 

To  sum  this  whole  matter  up,  I  feel  some  confidence  that  my  classifi- 
cation as  to  extreme  point  at  which  stream  could  be  called  "  good"  or 
"fair  "  is  in  general  agreement  with  these  terms  as  they  would  be  used 
by  the  average  intelligent  and  experienced  fireman. 

The  maximum  horizontal  distance  for  good  streams  may  be  exceeded 
considerably  under  favorable  conditions.  No  correction  for  the  very 
small  amount  of  pressure  absorbed  by  friction  within  the  2  to  3  feet  of 
length  of  play-i^ipe  between  gauge  and  nozzle  proper  has  been  made 
(except  in  case  of  the  2-inch  nozzle  on  Siamese)  in  plotting  the  results. 

The  following  tables  give  the  results  of  experiments  in  detail: 
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TABLE  No.  9. 

EXPEKIMENTS   ON   VeRTICAIj  JeTS. 

(See  Figs.  56  and  56i  for  plotting  of  these  observations.) 

October  5th,  1888,  Temperature  of  air 64  degrees. 

Temperature  of  water 48  degrees. 

Barometer  (about) 30. 0  inches. 


a 

Pressure 

.2  ®  a 

6    . 
o  aj 

o  ®  to    • 

Observed  Elevation  of  Jet 

a 

above 

Orifice 
shown  by 

Gauge 
connected 
at  Base  of 
Play  pipe. 

Pounds. 

%  6D 
>  3 

"S  o  a  o 

Computed 

above  End  of  Nozzle., 

Size  and  Kind 

of  Nozzle. 

(See  figures  on 

pages  16  to  23.) 

Computed 
charge  of  Nc 
Gallons  per 
ute. 

Computed      S 
Pressure     a 
Orifice.    Po 
per  Square  ] 

Static 

Pressure 

above 

Orifice. 

Feet. 

(0 

a. 

o 
6 

Average 

of 
Highest 

Drops. 

Feet. 

Mean 
Average 
Summit 

of  Jet. 

Feet. 

Height 
attained 
by  three- 
fourths 
of  Water. 
Feet.* 

1 

a  smooth  (a) 

60.2 

130 

.48 

60.7 

140.2 

105. 

102. 

90. 

2 

49.9 

117- 

.38 

50.3 

116.1 

91. 

90. 

83. 

3 

<■        <i        t< 

40.2 

105 

.31 

40.5 

93.5 

78. 

76. 

72. 

1 

1        "      (6) 

49.5 

161 

.73 

50.2 

115.9 

94. 

93. 

85. 

5 

40.0 

145 

.60 

40.6 

93.7 

80. 

78^ 

75. 

6 

1            '•       (C) 

62.4 

236 

1.61 

64.0 

147.8 

124. 

120.5 

110. 

7 

«          «        « 

50.1 

209 

1.26 

51.4 

118.7 

100. 

98.5 

94. 

8 

<<          <i         .1 

40.0 

187 

1.01 

41.0 

94.7 

82. 

81. 

77. 

9 

H      "      U) 

58.0 

288 

2.37 

00.4 

139.9 

120. 

115. 

105. 

10 

50.2 

267 

2.05 

52.3 

120.8 

105. 

103. 

88. 

11 

••       <>      .< 

45.2 

254 

1.86 

47.1 

108.8 

94. 

92. 

81. 

12 

" 

40.1 

239 

1.64 

41.7 

96.3 

84. 

83.5 

78. 

13 

<•       <<      .1 

35.1 

223 

1.44 

36.5 

84.3 

75. 

74.6 

68. 

14 

«       (<      << 

30.0 

206 

1.23 

31.2 

72.0 

64.5 

64. 

61. 

16 

«       •<      ■< 

25.0 

188 

1.01 

26.0 

60.0 

53. 

52.8 

60. 

16 

••       «      <■ 

20.0 

169 

.81 

20.8 

48.0 

43. 

42.8 

42. 

17 

•>       <<      << 

15.1 

147 

.62 

15.7 

36.2 

32.4 

32.2 

31.5 

18 

" 

10.0 

119 

.40 

10.4 

24.0 

21.4 

21.2 

21. 

19 

li         "         (e) 

53.7 

343 

3.40 

57.1 

131.8 

115.5 

114.5 

110. 

20 

49.8 

330 

3.16 

53.0 

122.4 

106.5 

105.5 

103. 

21 

<•          .<         <i 

40.2 

296 

2.51 

42.7 

98.6 

86. 

85.5 

85. 

22 

If         "       (.p 

48.5 

393 

4.45 

53.0 

122.4 

105. 

103.5 

95. 

23 

45.1 

378 

4.05 

49.2 

113.6 

100. 

98. 

90. 

24 

<<                    <<                 X 

40.1 

357 

3.66 

43.8 

101. 1 

88.5 

87.5 

80. 

25 

•■          <<         << 

35.2 

335 

3.25 

38.5 

88.9 

77. 

76.4 

75. 

26 

2-inch  Siamese 

49.9 

847 

2.27 

52.2 

120.5 

106. 

103. 

100. 

27 

« 

40.1 

760 

1.83 

41.9 

96.7 

85. 

84. 

80. 

28 

" 

30.1 

658 

1.89 

32.0 

73.9 

65. 

64. 

62. 

Note.— In  plotting  experiments  26-28,  2  per  cent,  was  added  to  height  as  here  given  to  allow  for  head 
absorbed  b    friction  in  elbow,  etc. 

In  all  experiments  in  this  table  water  was  supplied  from  city  reservoir. 
Experiments  on  IJ-inch  and  IJ-inch  nozzles  made  irom  7.30  to  8.30  a.m. 
li,  1,  I,  I  "  "  "  4.30  too  P.M. 

2  "  "  "  10.30  to  11.15,  October  11th. 

*  This  proportion  (J  of  whole  volume  discharged)  was  estimated  only  by  the  eye,  and  is,  therefore, 
a  very  rough  approximation. 
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TABLE  No.  9— {Continued). 


1 
a 

03 

Actual  Height  less 
than  Static  Pressure. 

Excess  of  Ob- 
served Height 
over  Height 
Computed 
from  For- 
mula below. 

Remabks. 

Temperature  of  water,  60  degrees;    temperature  of  air,  64  degrees. 
In  all  these  vertical  iet  experiments  there  was  appar  ntly  much  loss 

Highest 
Drops. 

Mean 
Summit. 

water  lost  or  detached  from  main  stream  on  the  way  to  the  summit  than 
when  stream  was  inclined. 

Pulsations  noted  occur  at  intervals  of  2  or  3  seconds;   practically  no 
wind;    excellent  conditions  for  observation;  summit  very  well  deflned; 
stream    holds    together  excellently;     big  drops  and    lumps  of  water  at 
very  top;  nearly  one-half  of  whole  volume  reaches  summit. 

Feet. 
3. 
3. 
2. 

'^. 
3. 

2. 

i: 

2. 
1.5 

1. 

0.8 

0.5 

0.5 

0.4 

0.3 

2. 
2. 
1. 
2. 
2. 

lis 
1. 

Feet. 
35.2 
25.1 
15.5 
21.9 
13.7 
23.8 

18.7 
12.7 
19.9 
15.8 
14.8 
12.3 

9.3 
7.5 
■     7.0 
5.0 
3.8 
2.6 

16.3 
15.9 
12.6 
17.4 
13.6 
12.6 
U.9 
14.5 

11.7 
8.9 

Feet. 
38.2 
26.1 
17.5 
22.9 
15.2 
27.3 

20.2 
13.7 
24.9 
17.8 
16.8 
12.8 

9.7 
8.0 
7.2 
5.2 
4.0 
2.8 

17.3 
16.9 
13.1 
18.9 
15.6 
13.6 
12.5 
17.5 

12.7 
9.9 

-fO.l 

—  0.9 
+  0.2 

—  1.2 

—  0.2 
+  5.8 

+  0.3 

—  0.6 
+  3.6 
+  1.7 

—  0.6 

—  1.2 

—  0.8 

—  1.3 

—  2.7 

—  2.2 

—  2.2 

—  1.9 

+  2.5 
+  0.2 

—  2.1 

—  2.8 

—  0.9 

—  2.6 

—  4.1 

—  6.7 

—  7.0 

—  6.6 

Stream  retains  its  integrity  well  up  to  H5  feet  above  nozzle. 
Top  is  well  defined,  looks  like  an  irregular  solid  lump  of  water. 
Good  conditions  for  observing  height  certainly  within  \  foot. 

Summit  of  jet  well  defined. 

Height  of  summit  determined  certainly  within  1  foot. 

All  the  time,  interference  to  jet  from  falling  drops  is  very  slight. 
Almost  the  whole  of  water  forms  a  compact  bunch  to  top. 

Excellent  observation.    Water,lumpy  at  top. 

This  jet  holds  together  to  the  very  top. 

Effect  of  wind  is  so  slight  that  water  falls  almost  exactly  vertically. 
There  was  a  slight  gusty  wind,  but  these  observations  were  taken  in  the 
lulls,  and  1  don't  think  wind  caused  an  error  of  more  than  1  foot,  if  at  all. 

1  These  weie  so  sheltered  as  not  to  be  affected  by  wind. 

The  following  formula  has  its  constants  based  upon  the  above  experiments: 

J=h  —  .00135  -^■ 

In  which  J  =  Height  in  feet  of  average  extreme  drops. 
h  =  Static  head  in  feet  at  base  of  play-pipe. 
d  =  Diameter,  in  inches,  of  jet  close  to  nozzle. 
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TABLE  No.  10.— Experiments  on  Jets  at  75  Degkees  Elevation. 
(See  Figs.  56  and  56b  for  plotting  of  these  observations.) 
Sejitember  24,  Temperature  of  Air,  58  degrees. 
October        2,  "  "57         " 

November    9,  "  "52 


> 


«w      • 

_^ 

<X>   h 

<D 

o  * 

C3 

U 

0 

Observed  Elevation  of  Jet  above 

o.g 

c;  0} 

End  of  Nozzle. 

£ 

a 

a 

o 

(Size  and  Kind  of  Nozzle. 

O   L..O 

•ss, 

J 

IB 

o 
p  p< 

o    . 

•43  0 

§_, 

u 

-2  >. 

sl 

ag 

Date. 

1888. 

See  figures  on  pages  16 
to  23.) 

■art 

3o    . 

Pg2 

"B  ^ 

a  'a 

<D   0 

0  a 

3"^ 

-a 

©  0  a 
aog 

5'^ 

u 

1     2 

o 

=3      -.2 

•ftg 

© 

P..Q 

U 

a=3 

S<„i3 

u^U 

d 

0  e  u 

9  o 

Jj 

a< 

> 

«  °» 

•p  033 

^ 

^«fl 

°!3 

s 

Q<S 

0 
0 

< 

CO 

w 

W 

Nov.     9 

29 

%-incli  Smooth       (a).. 

101.0 

169'. 

0.81 

101.8 

235.0 

129. 

122. 

83. 

90. 

30 

1               "                   (c).. 

103.0 

303. 

2.65 

105.7 

244.1 

154. 

148. 

90. 

110. 

Oct.      2 

31 

1               "                   (c).. 

50.0 

209. 

1.26 

51.3 

118.5 

95. 

93. 

76. 

80. 

„ 

32 

1               "                   (c).. 

40.1 

187. 

1.01 

41.1 

94.9 

79. 

78. 

66. 

70. 

<■ 

33 

1               "                    (c).. 

30.1 

161. 

0.73 

30.8 

71.1 

61. 

60. 

49. 

52. 

•* 

34 

1                   ■•                        (C).. 

20.1 

134. 

0.51 

20.6 

47.5 

43. 

42. 

35. 

38. 

Nov.     9 

35 

1^            '•                   {B).. 

104.0 

385. 

4.28 

108.3 

250.1 

155. 

15.S. 

100. 

115. 

Oct.      2 

36 

m       "           (B).. 

50.3 

267. 

2.02 

52.3 

120.8 

101.0 

98. 

81. 

85. 

37 

i«       •*           (fi).. 

39.8 

238. 

1.63 

41.4 

95.6 

82. 

81. 

70. 

72. 

" 

38 

i>8       "           (fi).- 

30.2 

207. 

1.24 

31.4 

72.5 

62. 

60. 

51. 

55. 

<■ 

39 

Do           "                 <«)•• 

20.1 

169. 

0.81 

20.9 

48.3 

44. 

43. 

36. 

40. 

Feb.    21 

40 

l.'a                "                         (B).. 

9.7 

0.40 

10.1 

23.3 

18. 

18. 

18. 

Nov.     9 

41 

l}^-incb  Sawed  off    [C).. 

99.5 

373. 

4.00 

103.5 

239.0 

153. 

148. 

105. 

115. 

•< 

42 

Hi        "            (C).. 

75.0 

324. 

3.04 

78.0 

180.1 

139. 

134. 

85. 

lOi.i. 

'< 

43 

l>4-inch  Smooth         (e).. 

86.5 

434. 

3.88 

90.4 

208.7 

1.57. 

150. 

100. 

110. 

" 

44 

Di            •'                    (e).. 

75.7 

406. 

4.80 

80.5 

185.9 

141. 

135. 

85. 

104. 

Sep.    24 

45 

1%-inch  Smooth  Cone  (t). 

1    49.8 
)    45.2 

644. 

1.35 

51.2 

118.2 

98. 

96. 

75. 

80. 

•< 

46 

1%     "     On  big  Siamese. 

614. 

1.21 

46.4 

107.1 

90. 

88. 

;o. 

7.^. 

•  1 

47 

1% 

40.5 

581. 

1.U8 

41.6 

96.0 

80. 

77. 

65. 

72. 

•  < 

48 

IX   •• 

35.1 

542. 

0.94 

36.0 

83.1 

69.2 

67.6 

55. 

00 . 

** 

49 

IX  •• 

30.1 

503. 

0.81 

30.9 

71.3 

60. 

58.5 

46. 

52. 

Sept.  24 

50 

( Smooth  Nozzle  (j) 

50.3 

820.1 

2.12 

52.4 

121.0 

100. 

97. 

78. 

82. 

'• 

51 

2-inch  joii  IJit;  Siamese.. 

45.0 

770.1 

1.90 

46,9 

108.3 

91.5 

87.5 

70. 

7t'). 

<• 

52 

( Hifle  Barrel 

40.5 

736. 

1.73 

42.2 

97.4 

83. 

80. 

66. 

70. 

•• 

53 

"            

34.9 

684. 

1.50 

36.4 

84.0 

71.3 

69.7 

57. 

<;4. 

•< 

64 

•  '            

30.4 

640. 

1.31 

31.7 

73.2 

62.2 

60.6 

60. 

5G. 

** 

55 

**            

24.7 

574. 

1.05 

25.7 

59.3 

53.8 

51.3 

42. 

4C.. 

Note. — In  the  plotting  of  experiments  50  to  55,  on  Fig.  5G 
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TABLE   No.   10— {Con/ inued). 


Observed  Eleva- 
tion of  Jet  above 
End  of  Nozzle. 

Observed  Horizontal  Distance 
North  from  End  of  Nozzle. 

Actual  Height 

of  Jet  less 

than    Static 

Pressure. 

1-5 

O 

a 
a 

CO 

o 

o 

!i 

O  h 

o 

a 
II 

o 

1.2 
X  o  a 

3  «    O 

o 

Kemarks. 

Highest 
Drops. 

Main 
Body. 

106. 0 

113.0 
96.1 

25.5 

16.9 

11.1 

5.5 

1 

stream  tapers  out  to  a  thin  fine  spray  at  end. 

More  water  lost  by  spray  on  way  to  siimmit  than  with  larger 
nozzles. 

During  the  eight  experiments  of  October  2  there  was  very  little 
wind,  and  the  conditions  were  favorable  for  accurate  observa- 
tions. 

In  these  eight  experiments  jjressures  observed  each  15  seconds; 
thus  jjressure  as  here  recorded  is  mean  of  five  observations. 

90.1 

23.5 

15.9 
10.1 
4.5 

45. 

37. 
29. 

27. 

22, 
15. 

30. 

27. 
20. 

70. 

60. 
50. 

95.1 

97.1 
22.8 

65. 
45. 

19.8 

30. 

31. 

85. 

13.6 

14. G 

40. 

27. 

28. 

70. 

10.5 

12.5 

30. 

20. 

22. 

55. 

4.3 

5.3 

19. 

13. 

18. 

40. 

5.3 

5.3 

Practically  no  wind.  Temperature  of  water  50  degrees  Fahren- 
heit, air  52  degrees  Fahreuheit.  At  90  feet  high  three-fourths  of 
all  water  ahoot;s  within  a  1-foot  circle;  at  80  feet  high  I  judge  that 
eight-tenths  of  water  shoots  within  a  1-foot  circle. 

This  was  a  coherent  solid  stream  to  summit  (Bourdon  gauge 
used). 


86.0 

91.0 

ni 

41.1 

46.1 

51.7 

58.7 

67. 

sa 

44.9 

50.9 

20.2 

22.2 

51.5 

2G. 

.9  S 

j-This  throws 

17.1 

19.1 

48. 

28. 

a  good  close  stream  at  all  pressures. 

16.0 

19.0 

42. 

23. 

a  *> 

13.9 

15.6 

37. 

20. 

23.5 

S  o 

11.3 

12.8 

32. 

18. 

21. 

21.0 

24.0 

47. 

28. 

31. 

73. 

1 

16.8 

20.8 

46. 

25. 

29. 

70. 

1 

14.4 
12.7 

17.4 
14.3 

42. 
36. 

24. 
21. 

27. 
25. 

73. 
66. 

}•  Very  calm. 

Excellent  conditions  for  observing. 

11.0 

12.7 

83. 

18. 

22. 

60. 

5.5 

8.0 

23.5 

16.5 

19. 

50. 

J 

2  per  cent,  is  added  to  observed  height  to  allow  for  loss  of  head  in  elbow  and  Siamese. 
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TABLE  No.  11. 
Experiments  on  Jets  at  60  Degbees  Elevation. 

September  ITtli,  1888.     Temperature  of  Air,   75  degrees.     Temperature  of  Water, 
67  degrees.     Barometer  (about)  30.0. 


56 
57 

58 
59 

60 
61 
02 

6;s 

64 


66 
07 

08 
69 

70 
71 


Size  and  Kind  of 
Nozzle. 


%-inch  smooth  (a) , 


1-inch  smooth    (c). 


l}u -inches  smooth   (B).. 

i;4-inchc8   smooth    (e).. 
IJa-inches  smooth  (/).. 


o 


t.  fe  (u  T 


3  s-  e^  -a 

socm 


01.2 

.'io.a 

40.2 
25.4 

61.3 

55.2 
50.4 
40.1 
30.1 

50.1 

55.8 
40.2 
30.0 
25.0 

50.3 
40.0 


35.0 
30.1 
25.0 


o3-- 

-as 


179 
162 
146 
115 

234 
219 
210 
187 
161 


281 
239 
206 

187 

331 
296 


334 
311 
283 


.91 
.74 
.60 
.37 

1.59 
1.39 
1.27 
1.01 
.74 

2.03 

2.26 
1.64 
1.23 
1.01 

3.20 
2.51 

4.26 


3.24 
2.80 
2.26 


SS  3 


OQoa 


'■S  c 


»5p, 

*i      -a 
ft£§i 


S5 


62.1 
51.0 

40.8 
25.8 

62.9 
56.6 
51.7 
41.1 

30.8 

62.1 

58.1 
41.8 
31.2 
26.0 

53.5 
42.5 


43.7 

38.2 
32.9 
27.3 


em.  o 


143.4 

117.8 

94.2 

59.6 

145.2 

130.7 

119.4 

94.9 

71.1 

120.3 

134.2 
96.5 
72.0 
60.0 

123.5 
98.1 


100.9 

88.2 
75.9 
63.0 


Observed 


93.5 
76. 
61.5 
43. 

91.5 

84. 

76.5 

65.5 

50. 

81. 

90. 
67. 
51. 
41.5 

84. 
67.5 


01.5 
52.4 
43.5 


91. 
74. 
59. 
41.5 


82.5 

74.25 

63.5 

48.5 


87.5 
65.5 
50. 
40. 


82. 
66. 


00.3 

51. 

42.5 


In  all  experiments  in  this  table  water  was  supplied  from  city  reservoir. 
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TABLE  No,  11— [Contmued). 


Elevation  of  Jet  above 
End  of  Nozzle 


73 
50 
i5 
37 

75 
57 

63 


Observed  Horizontal 

Distance  North 
i  from  End  of  Nozzle. 


126 

120 
107 
90 


Center,  128 
Extreme.l.So 
Center,  118 
Extreme, 123 

105 

100 
86 


Kemabks. 

In  all  these  experiments  noted  below,  the  regular  30-inch 
Horse  play -piijc  was  used  and  was  fed  by  50  feet  of  solid 
rubber  hose.  The  hose  near  play-pipe  was  laid  on  a  flat, 
inclined  table  which  kept  it  iu  a  i^lauo  curve  and  was  con- 
tined  between  circular  blocks  which  held  it  in  a  curve  of  3 
feet  radius  and  of  90  degrees  arc.  Dp  stream  from  this  point 
hnse  was  straight  for  10  feet  and  thence  led  to  hydrant  in  a 
loop  curved  nowhere  with  less  than  4  or  5  feet  radius. 


Excellent  experiment.  No  wind.  Mean  of  several  inde- 
pendent trials. 

Occasional  faint  puffs  of  wind,  but  not  enough,  I  think,  to 
affect  jets.  Very  little  difference  in  character  of  stream 
under  the  different  pressures.  Stream  if  anything  of 
better  character  under  the  high  than  the  low  pressures. 


Both  these  are  excellent  experiments. 
Drops  at  summit,  J^-inch  diameter. 


J-No  wind. 


Wind  very  faint. 


Values  in  this  column  not  sharply  defined. 
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Jets  at  32  Degrees  Elevation. 

These  experiments  were  intended  to  show  the  greatest  [horizontal 
distance  that  jet  coukl  attain.  Their  site  is  shown  in  Fig.  55.  It  will 
be  noted  that  the  site  was  well  sheltered  from  currents  of  ^air,  but 
care  was  taken  to  record  no  experiments  here  when  any  breeze  was  per- 
cejitible  other  than  the  slight  air  current  caused  by  the  jet  itself. 

The  range  of  jiressure  was  carried  up  beyond  limits  of  ordinary  prac- 
tical use,  and  I  consider  that  this  set  of  experiments  is  very  satisfactory. 

Distances  east  from  end  of  nozzle  were  measured  off  by  a  steel  tape 
and  conspicuously  marked  on  the  adjacent  wall,  and  as  the  nozzles  were 
set  just  at  level  of  the  window  sills  and  as  windows  happened  to  be  built 
with  10-foot  bays  and  stories  just  15  feet  high,  the  mill  itself  furnished  a 
convenient  measuring  scale,  and  its  windows  furnished  very  convenient 
points  for  observation.  The  heights  were,  however,  determined  with 
much  less  exactness,  proportionally,  than  for  experiments  at  Fig.  54, 
the  main  attention  being  here  given  to  the  distance.  It  will  be  seen 
that  the  nozzle  supports  were  adjustable  to  various  angles  of  elevation. 
Several  preliminary  experiments  were  made  with  50  pounds  pressux'e,  to 
determine  angle  of  elevation  which  would  give  the  maximum  horizontal 
distance.  Thirty -two  degrees  was  the  elevation  which  appeared  to  do 
this,  and  was  adopted  in  the  experiments  as  being  a  fair  value  within  the 
range  of  pressures  adapted  for  ordinary  fire  streams;  but  as  a  degree  or 
two  made  but  little  difference  in  this  distance,  it  cannot  be  stated  cer- 
tainly whether  30  or  34  degrees  might  not  have  served  equally  well. 

As  there  was  a  slight  deflection  of  support  for  nozzle  under  the  recoil 
from  the  jet,  this  angle  of  elevation  was  determined  with  less  exactness 
than  for  jets  shown  in  Fig.  54,  and  may  be  1  degree  in  error.  Care 
was  taken,  however,  that  when  a  comparison  between  two  jets  was  made 
the  angles  of  elevation  should  be  precisely  the  same. 

Certain  other  experiments  at  15  pounds  jaressure  showed  that  this 
low  pressure,  35  to  40  degrees  elevation,  enabled  stream  to  reach  about  5 
per  cent,  further  than  32  degrees  elevation.  And  at  from  5  to  10  pounds 
pressure  the  maximum  horizontal  distance  was  found  to  be  attained  when 
elevation  ajiproached  45  degrees. 

The  extreme  end  of  jet  was  made  up  of  a  mere  rain  of  scattering 
drops  and  was  less  sharply  defined  than  in  the  vertical  jets ;  but  as  I 
was  able  to  stand  close  beside  it,  a  fair  average  could  be  taken,  and  even 
at  the  highest  pressures  I  think  the  recorded  maximum  distance  could 
seldom,  if  ever,  have  been  more  than  5  feet  in  error.     The  main  body 
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TABLE  No.  12. 

EXPEKIMENTS   ON  "  HORIZONTAL  "   JeTS.       ElEVATION,   32   DEGREES. 

November  9th,  1888.     Temperature  of  air,  55  degrees.     Temperature  of  water, 
49  degrees.     Water  supplied  by  rotary  fire  pump. 
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In  all  those  experiments  jets  were  sheltered  by  mill  wall  and  there  was  no  wind  whatever  blowing, 
except  some  motion  of  air  caused  by  .let  itself. 

In  all  experiments  of  November  9th  water  was  su)ii)li((l  by  the  mill  fire  pump.  Experiments  90,  91, 
92  were  made  upon  February  21,  1889,  measuring  pressure  by  Bourdon  gauge. 

*  Since  constructing  the  jet  diagram,  1  liave  been  led  to  think  that  perhaps  on  this  day  I  was  uncom- 
monly critical,  and  thus  rated  distance  to  which  stream  could  bo  classed  as  a  "good  fire  stream  "  a  few  percent, 
too  low. 
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TABLE   No.  12— {Continued). 


Observed  Elevation  of  Jet 
above  End  of  Nozzle. 
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Beyond  distance  180  feet  this  is  only  a  heavy  rain.     At  70  feet  distance  stream  all 

[goes  within  circle  of  1  foot  diameter. 

Beyond  155  feet  distance  jet  became  only  a  heavy  rain. 
At  36  and  40  degrees  elevation  stream  goes  3  feet  farther. 

45 

Stream  is  tolerably  compact  to  end — would  do  fair  execution  in  second  story  of  a 

cottage  house. 
This  at  45  degrees  elevation,  since  that  was  found  to  throw  farthest. 
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Stream  all  rain  beyond  180  feet. 
Stream  mostly  rain  beyond  155  feet. 
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was  also  not  sharply  defined.  As  considerable  variations  appear  on  all 
the  plotted  sheets  of  jet  experiments,  it  is  but  fair  to  state  that  an  earnest 
efTort  was  made  to  have  the  successive  observations  independent  of  one 
another,  and  with  this  in  view  the  writer  frequently  called  an  assistant 
to  make  an  independent  record  of  his  own  opinion  of  the  proper  values 
for  distance,  etc.  In  other  words,  it  was  intended  that  the  record  should 
fairly  represent  the  indeflniteness  existing  in  the  observation. 

In  all  these  jet  experiments,  at  whatever  angle,  one  assistant  manipu- 
lated the  hydrant-gate,  another  observed  the  mercury  gauge  continu- 
ously, and  another  generally  assisted  by  observing  jet  from  a  different 
point  of  view  from  the  station  of  the  writer.  Care  was  taken  that  water, 
after  opening  the  hydrant-gate,  should  get  into  a  condition  of  steady 
flow  before  the  observations  were  begun. 

The  observations  of  Table  No.  9,  on  extreme  height  of  vertical  jets, 
were  plotted  on  cross-section  i^aper  to  the  scale  of  one  centimeter,  =  2 
feet  and  =  2  pounds.  A  small  scale  photographic  reproduction  of  this 
plotting  is  shown  in  Fig.  56,  and  on  the  same  sheet  in  Fig.  56b  are 
shown  the  heights  attained  by  jets  at  75  degrees  elevation. 

It  will  be  seen  by  table  that  no  exjieriments  on  jets  exactly  vertical 
were  obtained  with  higher  pressure  than  60. 7  pounds.  Experiments  on 
vertical  jet  from  each  size  of  nozzle  Avould  have  been  made  at  pressures 
ranging  up  to  100  pounds,  but  for  failure  to  find  an  opportunity  when 
the  air  was  still  enough  to  make  observations  of  any  real  value.  The 
curves  for  mean  values  of  height  attained  by  extreme  drops  under  press- 
ures from  60  to  110  pounds  were  therefore  projected  by  the  aid  of  exper- 
iments upon  the  75-degree  jet  jilus  a  percentage  derived  from  a  com- 
parison of  the  vertical  with  the  75-degree  jets  at  from  40  to  50  jjounds 
pressure. 

Accuracy  of  Mean  Curves  for  Height  and  Distance  of  Jets. 

I  consider  that  we  can  prudently  rely  on  the  mean  curves  of  Figs.  56 
and  57  being  not  more  than  two  or  possibly  three  per  cent,  in  error  in 
their  definition  of  the  extreme  height  and  distance  to  which  a  stream 
will  rise  or  reach  in  still  air  under  a  given  pressure.  It  will  be  noted 
that  the  completeness  and  general  agreement  of  observations  is  better 
for  horizontal  distance  than  for  vertical  height. 

The  proper  location  for  these  curves  was  studied  with  much  care, 
taking  the  four  sets  with  the  diflfereut  angles  of  elevation  together,  and 
making    use    of    various    little  auxiliary  jilottings  and  computations. 
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Fig.  56-b. 

^°°        Extreme  height  as  an 
effective  fire  Stream. 
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In  some  cases  one  observation  was  given  slightly  less  weight  than 
another,  but  only  when  justified  by  recollection  of  some  circumstance 
unfavorable  to  the  highest  accuracy. 

An  earnest  effoi-t  was  made  to  keep  the  curves  close  to  the  plotted 
observations,  rather  than  to  follow  any  particular  algel)raic  law. 

The  full  records  of  the  observations  have  been  given,  to  enable  any 
investigator  to  judge  of  the  liability  to  error  of  these  curves,  to  draw 
new  curves  or  to  arrange  an  algebraic  exjiression  for  the  law. 

It  may  not  be  amiss  to  say  that  for  problems  of  this  nature  I  believe 
a  large  scale  plotting  and  the  method  of  average  judgment  to  be  pre- 
ferable to  the  "method  of  least  squares."  It  so  happened  that  I  did 
not  attempt  to  state  the  result  in  algebraic  form  until  after  the  practical 
tables  were  computed  and  Figs.  56,  57  and  58  engraved.  Any  formula 
for  this  must  be  almost  purely  empirical  and  an  empirical  curve  was 
deemed  as  good  as  an  empirical  formula  for  the  jireparation  of  the 
practical  fire  stream  tables  which  was  the  main  purpose  in  view.  In 
cases  like  this  a  curve  is  more  convenient  than  a  formula  for  most 
practical  uses,  and  has  the  advantage  of  being  less  likely  to  be  used  far 
beyond  the  limits  of  the  experiments  from  which  it  was  derived. 

In  connection  with  limiting  the  application  of  an  empirical  formula 
to  the  range  of  the  experiments  from  which  it  was  derived  we  may  again 
refer  to  the  Box  formula  for  jets.  Mr.  Box  presents  a  formula  whose 
curve  coincides  very  well  with  the  few  experiments  at  hand,  and  then 
guided  but  by  a  single  experiment  on  a  1-inch  jet  proceeds  far  beyond 
most  of  the  exijerimeuts  into  a  generalization  from  the  mathematical 
form  of  this  curve,  that  it  follows  for  each  size  of  nozzle  there  is 
a  pressure  jn'oduoing  a  maximum  height  of  jet,  and  that  to  increase  the 
pressure  beyond  this  point  will  actually  diminish  the  height  of  jet. 
Now  this  may  very  likely  be  true,  or  possibly  for  a  jet  of  given  size  the 
height  may  remain  nearly  stationary  above  a  certain  pressure,  but  as  yet 
no  really  decisive  experiments  are  on  record.  If,  as  is  not  unreason- 
able to  suppose,  there  is  a  slight  decrease  of  height  for  extremely  high 
pressures,  it  probably  follows  an  entirely  diflferent  law  from  the  ascend- 
ing curve. 

It  will  be  seen  that  the  range  of  the  exi)eriments  includes  all  sizes 
commonly  used  for  fire  streams,  and  that  the  pressures  at  base  of  play- 
pipe  were  carried  up  considerably  beyond  those  with  which  firemen  can 
work  with  any  ordinary  appliances. 
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The  curves  of  Figs.  56  and  57  were  used  in  the  construction  of  the 
practical  tables  at  the  end  of  this  paper. 

To  express  algebraically  with  great  accuracy  the  extreme  height  to 
which  a  jet  of  given  diameter  Avill  rise  under  a  given  head  requires  a 
formula  which,  so  far  as  I  have  been  able  to  devise  it,  is  inconveniently 
comi^licated  for  ordinary  use. 

As  an  approximate  formula,  the,  following  will  serve  very  well,  and 
•within  the  range  of  fire  streams,  namely,  for  diameters  of  from  ^  inch 
to  If  inches  and  i:)ressure8  of  not  more  than  80  pounds,  its  use  will  not 
lead  to  an  error  of  more  than  3  or  4  per  cent.*  Practically  this  is  near 
enough  for  almost  any  jjurpose,  inasmuch  as  even  a  faint  wind  will 
lessen  the  height  to  an  extent  greater  than  the  error  in  this  formula : 

Let ./  =  extreme  height  in  feet  to  which  the  average  extreme  drops 
of  a  vertical  jet  will  rise  in  still  air. 
h  =  static  head  of  water  in  feet  acting  at  base  of  play-pipe. 
di  =:  diameter  of  jet  close  to  nozzle  in  inches.     (For  smooth  noz- 
zles this  is  same  as  diameter  of  orifice.     For  ring  nozzles 
take  di  as  86  per  cent,  of  diameter  of  orifice.) 

Then /==7i  — .00135^. 
dj. 

This  is  substantially  the  same  as  the  formula  used  by  Box,  but  ex- 
pressed in  more  convenient  form  and  with  the  constant  modified  to  fit 
my  experimental  results. 

For  values  of  di,  larger  than  2  inches,  use  2,  until  fiirther  experi- 
ments, since  the  plotted  curves  indicate  that  for  sizes  larger  than  this 
the  effect  of  diameter  of  jet  upon  its  height  is  small. 


*  For  pressures  of  from  40  to  70  pounds,  and  diameters  from  J  up  to  1§  inches,  this  for- 
mula agrees  remarkably  well  with  the  experiments.  For  diameters  larger  than  1|  inches  the 
diameter  has  less  influence  on  height  to  which  the  water  will  rise  than  the  formula  indi- 
cates; and,  indeed,  it  would  appear  that  after  a  diameter  of  2  inches  was  reached,  a  further 
increase  of  size  would  have  but  little  influence  on  height,  while  pressure  remained  the 
same. 

When  pressures  become  greater  than  70  pounds,  or  150  feet,  the  loss  in  height  of  jet  by 
resistance  of  air  increases  apparently  at  a  more  rapid  rate  than  the  formula  implies,  or  varies 
as  a  power  of  h  sommvhat  higher  than  the  square.  Until  we  have  more  data  on  jets  of  2  or 
more  inches  diameter  and  at  pressures  of  100  pounds  and  upward,  it  is,  perhaps,  best  not  to 
attempt  to  devise  an  extremely  accurate  general  formula.  Meanwhile  the  above  formula,  the 
plotted  curves  of  Fig.  56,  or  the  table  in  the  appendix,  will  satisfy  almost  any  practical 
purpose. 
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Experiments  to  Determine  Best  Form  of  Nozzle. 

A  leading  object  of  these  experiments  was  to  determine  the  best  form 
of  nozzle  and  play-pipe  for  practical  use,  or  to  find  out  what  form 
would,  for  a  given  pressure,  project  a  given  number  of  gallons  of  water 
per  minute  to  the  greatest  height  or  distance,  and  with  the  least  loss  by 
the  detaching  of  drops  or  spray  on  the  way,  thus  delivering  the  water 
in  as  solid  a  body  as  possible,  at  the  greatest  possible  distance. 

At  the  beginning  of  the  experiments  there  was  no  thought  of  trying 
half  so  many  different  styles  of  nozzle  ;  but  as  the  experiments  went  on, 
various  lines  of  inquiry  were  promi)ted  by  the  facts  developed,  and 
new  nozzles  were  constructed  or  additional  styles  found  in  practical  use 
wei'e  secured  for  experiment ;  for  in  matters  like  this  one  seems  never 
to  get  to  the  end.  Had  time  afforded,  still  other  styles  would  have  been 
constructed  and  experimented  upon,  and  the  experiment  would  have 
been  made  of  directly  measuring  the  number  of  gallons  thrown  into  aji 
opening  of  certain  size,  located  at  a  given  distance  from  nozzle  near  end 
of  jet,  thus  obtaining  a  definite  measure  of  the  amount  of  water  detached 
from  the  main  stream  and  lost  by  spray  with  the  different  styles  of 
nozzle.  However,  the,  range  of  the  experiments  actually  made  covers 
the  subject  well  enough  for  all  present  practical  jjurposes.  It  is  believed 
that  the  conditions  for  accurate  comjiarison  were  much  superior  to  those 
generally  available,  and  therefore  the  results  are  given  with  considerable 
detail,  in  order  that  future  seekers  for  the  "iierfect  nozzle"  may  save 
time  by  avoiding  paths  already  pursued. 

In  one  way  the  results  of  these  comparisons  were  disappointing  to 
the  writer,  for  at  the  beginning  he  did  not  expect  to  find  the  plain  cone 
superior  in  jirojecting  jjower  to  all  other  forms  tried.  It  was  hoped 
that  some  form  or  modification  would  be  found  from  which  the  jet 
would  issue  iu  a  clear,  transparent,  polished  stream,  with  a  clean, 
glassy  surface,  and  with  little  spraying  for  the  first  quarter  of  its  course. 

Out  of  the  about  forty  different  nozzles  tested,  there  was  not  one  which 
threw  such  a  stream,  and  though  the  writer  has  had  occasion  to  criti- 
cally examine  the  streams  from  many  other  nozzles,  he  has  not  yet  seen 
one  which,  under  pressures  of  30  pounds  or  upward,  gave  this  transjaar- 
ent  and  undisturbed  appearance,  similar  to  that  found,  for  instance,  in 
the  stream  over  a  well  constructed  weir. 

For  pressures  of  5  or  perha]5s  even  10  pounds  a  smooth,  transparent 
stream   can  be  obtained;  but  with  a  good  -sv'orking  i:)ressiire   like   40 
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pounds  there  was  always  found  even  only  an  inch  away  from  the 
orifice  a  "  ground  glass  appearance"  on  surface  of  jet. 

And  a  careful  and  minute  examination  showed  that  even  at  an  inch 
distance  from  orifice  of  the  best  nozzles  or  within  about  one-thousandth 
part  of  a  second  of  time  after  issuing  into  free  air,  minute  droi)S  were 
beginning  to  tear  themselves  away  from  the  main  body,  this  being  in- 
duced, no  doubt,  by  the  retardation  due  to  walls  of  orifice,  and  to  the 
consequent  great  difference  in  velocities  between  particles  in  the  diflferent 
layers  near  outside  of  jet. 

The  conclusion  derived  from  all  these  comi^arisons,  made,  many  of 
them,  under  conditions  where  6  inches  difference  in  heights  of  jet  for 
the  same  pressure  could  be  readily  distinguished,  and  with  accelera- 
tions varying  from  a  uniform  acceleration  nozzle  [E)  to  a  sharjily  con- 
tracted ring  nozzle  {k),  was: 

First. — That  form  of  convergence  of  nozzle  makes  much  less  differ- 
ence in  jet  than  had  been  previously  supposed. 

That  if  shape  be  such  that  eddies  or  tendencies  toward  eddies  or 
unsymmetrical  currents  are  not  induced,  then  it  makes  but  very  little, 
if  any,  difference  in  character  of  jet,  whether  the  longitudinal  section  of 
nozzle  be  a  straight  taper,  or  a  curve  giving  uniform  acceleration  in  a 
given  time,  as  jjroposed  by  Mr.  Nagle  and  some  others,  or  a  curve  giv- 
ing uniform  increase  of  velocity  in  a  given  distance,  as  i^roposed  by 
Captain  Shaw,  or  any  smooth  nondescript  curve. 

Second. — The  plain  conical  nozzle  B,  shown  in  Fig.  16,  in  connec- 
tion with  the  play-pipe  shown  in  Fig.  13,  gave  a  jet  which  was,  on  the 
whole,  slightly  su^jerior  to  any  other  form  tried.  And  the  nozzle 
shown  in  Fig.  7,  designed  since  the  experiments  as  a  standard  form 
easily  manufactured,  is  presented  with  the  belief,  that  it  is  as  good  a 
form  for  i^ractical  use  as  can  be  constructed. 

There  are  many  fancy  "nozzles  "  to  be  found,  the  possessors  of  which 
claim  for  them  wonderful  merit,  and  nozzles  are  frequently  brought  forth 
at  firemen's  musters  of  which  the  form  is  a  most  jealously  guarded 
secret;  but  I  am  disposed  to  regard  these  special  merits  as  fanciful 
rather  than  actual,  and  to  think  that  by  giving  great  care  to  acciirate 
form  and  high  polish  of  a  nozzle  like  that  shown  in  Fig.  7  equally  as 
good  results  can  be  attained. 

Third. — King  nozzles  were  found  to  possess  no  advantage  whatever 
over  smooth  nozzles,    but  proved  very  slightly  inferior  in  projecting 
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power  and  gave  a  greater  amount  of  spraying;  and  thougli  this  differ- 
ence was  so  small  as  to  be  only  barely  perceptible  and  of  almost  no 
practical  moment,  yet  the  use  of  ring  nozzles  should  be  discouraged  as 
tending  to  deceive,  since  their  only  advantage  is  to  make  a  show  of 
playing  a  larger  stream  than  is  the  fact. 

Comparison  of  Efficiency  of  Nozzles  and  Play-pipes. — Kotary  Mo- 
tion. OR  Twisting  of  Current  at  Nozzle. — (See  drawings  of 
nozzles  on  pages  318  to  325.) 

For  a  fair  and  very  accurate  comparison  of  two  play-pipes  it  is 
necessary  that  the  hose  for  at  least  5  to  8  feet  back  from  play-pipe  lie  in 
a  plane.  There  may  be  a  curve  close  to  play-pijie;  but  it  must  be  a 
plane  curve,  not  warjjcd  or  twisted  or  cork-screw-like  in  the  slightest 
degree.  For  it  seems  that  this  warped,  cork-screw-like  or  spiral  ap- 
proach tends  to  produce  a  rotary  motion  within  the  play-pipe;  and  as 
the  water  progresses  through  the  play-pij)e  and  nozzle,  it  being  con- 
fined within  a  channel  of  diminishing  diameter,  the  angular  velocity  of 
rotation  of  the  water  becomes  greater  as  it  passes  along  (like  the  water 
in  the  vortex  of  a  whirlpool),  and  on  issuing  into  free  air  this  rotary 
motion,  by  the  centrifugal  force  generated,  acts  to  cause  more  scatter- 
ing of   the  jet. 

Comp(iriso)i  No.  1. — That  this  is  the  case  was  indicated  by  simul- 
taneous observations  as  shown  in  Fig.  51,  with  two  play-pipes  of  the 
same  length  fitted  with  nozzles  of  same  size  (li  inch  smooth)  placed  side 
by  side,  elevated  at  60  degrees,  each  fed  by  50-foot  pieces  of  hose  of 
same  kind  and  size  (2  J -inch  solid  rubber),  with  pressure  at  base  of 
nozzle  identical  within  ru-  pound.  The  only  difference  in  the  conditions 
affecting  the  jets  was  that  while  hose  to  one  lay  in  plane  curve  of  90 
degrees  arc  and  3  feet  radius,  the  similar  curve  in  hose  to  the  other 
nozzle  was  about  2  inches  *'  winding,"  or  out  of  plane  at  center  of  arc, 
and  thus  was  a  slightly  warped  or  helical  curve.  It  was  found,  and  con- 
firmed by  reversing  position  of  nozzles  while  position  of  hose  remained 
unchanged,  that  height  and  distance  reached  by  the  latter  jet,  in  which 
the  conditions  favored  a  slight  twisting  of  currents,  was  3  to  5  per  cent, 
less  than  that  attained  by  the  first  mentioned  jet,  which  had  that  part  of 
the  hose  close  to  its  nozzle  lying  in  a  plane  curve. 

This  twisting  of  jet  has  been  noted  by  many  practical  men,  and  its 
effect  sometimes,  I  think,  overestimated.  Several  patents  have  been 
taken  out  for  devices  for  preventing  the  twisting  of  current.     I   con- 
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structed,  especially  for  these  experimeats,  the  play -pipe  shown  in  Fig. 
18,  with  the  expectation  that  these  blades,  which  projected  in  far  enough 
so  that  more  than  half  the  whole  body  of  water  lay  exterior  to  a  cylin- 
der containing  their  inner  edges,  would  practically  control  the  twisting 
motion  of  jet,  and  that  it  would  present  the  advantage  over  nozzle 
shown  in  Fig.  24  of  less  surface  for  internal  friction  and  less  liability 
to  obstruction  by  a  stone  or  other  foreign  substance  passing  through 
pipe. 

It  may  be  of  interest  to  mention  that  it  was  learned  subsequently 
(see  Bowie's  "  Hydraulic  Mining,"  page  50,  also  page  182)  that  this  device 
of  straight  internal  blades  parallel  to  axis,  and  called  a  "Ritie,"was 
patented  twenty-five  years  ago  and  much  used  in  the  monitor  nozzles 
for  the  hydraulic  mines  of  California,  and  proved  of  very  material  ad- 
vantage in  removing  the  twist  induced  by  the  swivel  joint  at  base  of 
play-pipe.  The  term  rifle  blades  is  to  some  extent  a  misnomer,  since 
the  blades  are  put  in  with  an  entire  absence  of  that  twist,  on  which 
the  advantage  of  rifling  for  a  gun  depends. 

I  was  disappointed  in  the  results  attained,  for  it  was  found  that  these 
rifle  blades,  shown  in  Fig.  18,  were  not  fully  efifective  for  preventing 
this  rotary  motion,  even  where  the  curve  of  hose  was  so  slightly 
winding,  as  noted  above,  and  moreover,  it  w'as  difficult  and  expensive 
to  insert  blades  with  proper  straightness  in  i)ipe  of  size  of  fireman's 
play-pipe. 

Comparison  No.  3. — When  both  lines  of  hose  were  laid  in  plane 
curves,  and  all  arranged  as  shown  in  Fig.  54,  no  difference  whatever  was 
perceptible  between  stream  from  the  "  rifle  barrel  "  and  stream  from 
the  ordinary  pipe  of  same  size  without  the  rifle  blades;  both  being 
tried  simultaneously  side  by  side  at  same  elevation,  with  pressure  iden- 
tical, and  under  conditions  where  a  diff"erence  of  one  per  cent,  would 
have  been  readily  noticeable. 

The  Silsby  Manufacturing  Company,  well  known  as  enterprising 
builders  of  steam  fire  engines,  have  introduced  a  special  play-pipe  of 
the  form  shown  in  Fig.  24,  containing  internal  diaphragms  for  straight- 
ening the  current.  One  of  these  pipes,  with  the  two  nozzles  as  shown, 
was  kindly  loaned  me  by  the  Messrs.  Silsby.  I  tested  it  with  especial  care 
in  the  manner  shown  in  Fig.  54  and  a^in  on  another  day  in  the  manner 
shown  in  Fig.  55,  and  repeated  these  tests  at  a  demonstration  given  in 
presence  of  our  corps  of  inspectors  and  others. 
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Comparison  JS^n.  4. — In  all  eases  when  the  hose  near  base  of  play-piijo 
lay  in  a  plain  curve,  as  shown  in  the  fif>'ures,  these  experiments  estab- 
lished with  certainty  the  fact  that  the  jet  from  this  play-pipe  with  the 
internal  partitions  was  in  no  way  superior  to  that  from  the  ordinai'y 
play-pipe  shown  in  Fig.  1.3,  but  averaged  not  reaching  so  far  by  from  1 
to  3  per  cent,  for  the  same  pressure. 

Comparison  No.  5. — The  Silsby  pipes  proved  superior,  however,  when 
the  lines  of  hose  near  the  bases  of  the  two  play-pipes  were  lifted  out 
from  the  blocks  which  held  hose  in  a  plane  curve,  and  the  hose  was  thus 
brought  into  a  cork-screw-like  form.  Tbie  jet  from  the  ordinary  pipe 
without  partitions  was  made  less  perfect  by  the  rotary  or  twisting  motion 
thus  induced  in  the  hose,  while  the  jet  from  the  Silsby  jsipe  held  its 
original  character.  For  cases  where  this  irregularity  of  curve  of  hose 
was  made  as  great  as  would  probably  occur  in  ordinary  practice,  it 
was  found  that  the  spraying-  of  jet  within  25  feet  of  the  Silsby  nozzle 
was  very  noticeably  less  than  from  the  other,  and  that  the  distance 
reached  by  main  body  of  jet  from  Silsby  nozzle  was,  say,  2  to  4  per  cent, 
greater  than  distance  reached  by  main  body  of  jet  from  the  plain  nozzle. 
My  conclusions  regarding  the  use  of  "  Eifle  blades  "  or  internal  parti- 
tions on  play-pipes  of  size  adapted  for  2^ -inch  hose  is,  that  they  are  not 
advisable. 

EoTARY  Motion  and  Disturbed  Flow  in  Siamese  Nozzles. 

With  the  ordinary  Siamese,  by  which  two,  three  or  even  four  hose 
streams  are  united  into  one  at  base  of  play-pii^e,  or  united  at  a  point 
within  25  feet  of  it,  some  arrangement  similar  to  the  rifle  blades  already 
mentioned  seems  absolutely  necessary  to  the  obtaining  of  a  good  clean  jet. 
This  is  especially  true  of  an  arrangement  like  that  shown  in  Figs.  43  and 
44,  where  the  union  of  the  several  lines  of  hose  occurs  close  to  base  of 
play-pipe.  The  play-i:)ipe  for  this  was  so  made  that  the  rifle  blades 
shown  in  Fig.  45  could  be  removed. 

Comparison  No.  6. — The  removal  of  these  blades  and  partitions  was 
tried  repeatedly,  and  the  effect  on  jet  was  very  marked.  When  blades 
were  removed,  the  twist  of  the  jet  as  it  issued  was  very  plainly  notice- 
able, and  judging  as  closely  as  possible  by  the  eye  alone,  it  appeared  that 
for  a  pressure  of  50  pounds  at  Siamese,  the  spraying  was  fully  25  or  per- 
haps 33  per  cent,  more  when  j^artitions  were  removed  than  when  they 
were  in. 
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Comparison  No.  7. — A  careful  comparison  between  the  merits  of  the 
partitions  reaching  to  the  center,  and  the  blades  reaching  half  way  to 
center,  both  shown  in  Fig.  45,  showed  certainly  that  the  partitions  gave 
the  better  stre.im.  That  is,  the  stream  was  more  solid,  with  fewer  drops 
detached  in  the  first  half  or  two-thirds  of  its  course.  It  was  found, 
moreover,  that  it  was  much  more  difficult  to  construct  the  pipe  "with 
blades  of  proper  straightness  than  to  construct  the  partitions  and  keep 
their  surfaces  flat  and  out  of  twist.  Even  with  the  partitions  shown  in 
Fig.  45,  the  stream  was  less  solid  than  desirable  and  less  solid  than  I 
believe  it  jDossible  to  attain.  It  did  not  seem  to  lie  within  the  power  of 
these  partitions  to  remove  all  the  twisting  and  disturbed  condition  of 
flow  induced  by  the  Siamese  and  the  elbow. 

It  happened  that  at  about  the  time  of  my  experiments  a  convention  of 
the  New  England  Firemen's  Association  was  held  at  Haverhill,  Mass., 
and  an  exhibition  was  made  of  2-inch  Siamese  streams  from  jjipes  of 
three  different  kinds,  made  by  different  parties.  I  noticed  that  with 
each  of  these  streams  there  was  proportionally  very  much  more  spray- 
ing than  from  a  If  inch  nozzle  from  a  single  line  of  hose,  and  am  in- 
clined to  attribiate  it  to  the  disturbed  condition  in  which  the  water 
reaches  the  nozzle. 

As  soon  as  there  is  opportunity  I  hope  to  construct  another  Siamese 
in  which  the  three  portions  of  water  from  the  three  lines  of  hose  shall  be 
kei)t  separated  by  thin  partitions  until  after  passing  the  elbow  and  until 
reaching  the  play-pipe  proper.  The  water  passages  will,  moreover,  be  so 
designed  as  to  avoid  sudden  changes  of  section,  and  care  will  be  taken 
that  axis  of  each  of  the  three  streams  shall  make  the  bend  by  a  curve 
lying  iu  a  plane.  With  such  a  pipe  it  is  expected  to  avoid  twist  of  cur- 
rent and  get  a  more  solid  stream. 

Advantage  op  Siamese  Nozzles  and  Large  Streams. 

We  may  add  a  word  here  as  to  the  reason  for  the  esi^ecial  merit  of 
these  large  streams.  They  are,  of  courser,  available  only  in  cases  where 
the  water  supply  is  especially  ample.  At  many  large  factories  the  fire 
pumps  are  of  capacity  sufficient  to  supply  one  of  these  in  addition  to  a 
convenient  number  of  single  streams,  and  on  fire  boats  they  can  ordi- 
narily be  provided  for.  If  supplied  by  city  steamers  it  will  ordinarily 
require  the  united  efforts  of  three  steam  fire-engines  of  the  usual  size  to 
supply  one  2-inch  stream;  yet  in  a  serious  conflagration  it  may  often  be 
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the  case  that  one  2  inch  stream  will  do  far  more  execution  in  stopping 
the  progress  of  the  fire  than  would  the  three  single  streams.  It  is  a 
fact  well  known  to  firemen,  and  <me  which  the  writer  has  had  good 
opportunity  to  observe  personally^,  that  a  small  stream  is  often  almost 
wholly  evaporated  in  the  flames  of  a  very  hot  fire;  whereas  with  these 
larger  streams,  even  though  the  same  quantity  be  evaporated  as  before, 
enough  water  may  be  left  to  pass  through  the  flames  and  burning  gases 
to  reach  and  chill  the  coals  themselves. 

Experiments   on   Comparative   Efficiency   op   Different  Kinds    of 
Nozzles. — (See  drawings  of  nozzles  on  pages  318  to  325.) 

The  most  of  these  experiments  were  made  with  the  api)aratus  ar- 
ranged as  shown  in  Fig.  54,  and  in  a  number  of  the  more  important 
cases  further  experiments  on  the  same  nozzles  were  made  with  ajjparatus 
arranged  as  shown  in  Fig.  55.  In  a  number  of  cases,  after  making  the 
experiments  with  nozzles  in  one  position,  their  i)ositions  were  reversed, 
to  make  sure  that  the  jet  next  wall  was  not  shielded  from  air  currents 
or  affected  differently  from  the  outer  one  in  any  way.  In  no  case  was 
l^roximity  of  wall  found  to  affect  jet.  Care  was  also  taken  in  each 
experiment  to  sight  the  two  streams  out  of  wind  with  each  other  for  the 
first  part  of  their  course,  and  thus  insure  their  having  precisely  the 
same  angle  of  elevation. 

Comparison  ^o.  8. — 1^-inch  conical  nozzle  B  (Fig.  IG),  compared  with  11- 
inch  conical  nozzle  A  (Fig.  13).  ]>oth  these  nozzles  were  tested  on  the  same 
kind  of  play-pipe,  and  the  nozzles  themselves  were  exactlj'  alike,  so  far  as  any 
measurement  or  appearance  could  indicate,  excepting  onlj'  that  in  nozzle  B 
the  slight  corner  at  end  of  cone  was  carefully  rounded  off.  Experiment  was 
made  at  50  pounds  pressure  at  base  of  play-pipes,  and  with  nozzles  at  60  de- 
grees elevation.  There  was  no  wind,  and  conditions  were  favorable  for  accu- 
rate observations.  By  four  successive  trials  another  observer  and  myself 
arrived  independent!}'  at  the  conclusion  that  B  threw  its  stream  just  a  little 
closer— that  is,  with  a  little  less  spraying  than^l — but  that  difference  was  very 
small.  We  also  concluded  that  main  body  of  stream  and  also  the  extreme  jet 
averaged  reaching  a  height  of  about  G  inches  greater  than  A  for  pressure  of  50 
pounds,  or  was  superior  by  about  three-fourths  of  1  per  cent.  It  took  very 
close  watching  to  see  any  difference  between  these  two  nozzles. 

(Comparison  JVb.  9. — IJ-inch  nozzle  P  (Fig.  23)  (screw  nozzle,  so-called), 
compared  with  nozzle  A  (Fig.  13).  Nozzle  F  differed  from  A  in  that  diameter 
at  end  of  play-pipe  was  1\  inches  instead  of  IJ  inches.  The  comparison  was 
made  at  50  pounds  pressure,  GO  degrees  elevation,  with  still  air  and  condi- 
tions favorable  for  accurate  observation.  Trying  the  two  nozzles  simultane- 
ously side  by  side,  as  in  Fig.   5i,   unquestionably  the  jet  from   the   screw 
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nozzle  was  at  its  summit  4  feet  below  summit  of  jet  from  nozzle  A,  and  ex- 
treme point  at  which  jet  from  screw  nozzle  could  be  called  a  good  fire  stream 
was  5  to  7  feet  less  than  the  corresponding  point  on  jet  from  nozzle  B.  The 
screw  nozzle  thus  appeai-ed  on  the  whole  to  be  from  5  to  8  per  cent,  inferior 
to  A  in  projecting  power.  This  difference  was  undoubtedly  due  to  the 
smaller  water-way  at  end  of  play-pipe.  Nozzle  F  is  sold  about  15  per  cent, 
cheaper  than  ^4,  but  having  been  proved  to  be  less  effective,  its  manufacture 
is  to  be  discouraged. 

This  and  the  next  experiment  illustrated  the  necessity  of  having 
throat  of  play-pipe  of  ample  size,  and  indicated  that  the  old-fashioned 
sporting  play-pipe,  so-called,  which  was  about  5  feet  long  and  converged 
throughout  its  length  on  a  uniform  taper,  was  not  adajited  to  give 
such  good  results  as  are  to  be  attained  by  a  play-pipe  in  which  stream 
is  continued  of  aj^proximately  full  size  up  nearly  to  the  jjoint  of  de- 
livery, and  it  was  by  reason  of  these  experiments  that  diameter  of  throat 
or  end  of  standard  play-pipe  shown  in  Fig.  7  was  made  1}  inches  in 
diameter. 

Comparison  No.  10.— IJ-i^ich  nozzle  J  (Fig.  23)  (screw  nozzle,  so-called), 
compared  with  IJ^-inch  nozzle  e  (Fig.  11).  These  experiments  were  also  made 
with  two  pipes  tried  simultaneously  side  by  side,  arranged  as  shown  in  Fig. 
54,  pressure  at  base  of  play-pipe  50.0  pounds,  angle  of  elevation  of  jet  CO  de- 
grees. From  position  on  Washington  roof  I  concluded  that  unquestionably 
nozzle  J  was  inferior  to  nozzle  e,  and  that  its  jet  was  not  projected  so  high  as 
for  nozzle  P  by  about  6  per  cent,  on  the  average.  The  extreme  drops  from 
nozzle  attached  to  the  larger  play-pipe  went  3  or  4  feet  higher  than  for  nozzle 
J,  and  the  limit  as  a  fire  stream  appeared  to  be  6  or  7  feet  higher.  Examining 
both  jets  from  below,  unquestionably  the  stream  from  nozzle  attached  to  the 
larger  play-pipe  sprayed  the  least;  thus,  for  20  feet  distance  from  nozzle 
nearly  all  of  the  water  from  nozzle  e  goes  through  a  circle  2i  inches  in 
diameter,  while  for  nozzle  J  it  scattered  over  a  circle  of  about  3i  inches  in 
diameter.  Examining  both  jets  from  Pacific  roof,  the  nozzle  on  the  larger 
play -pipe  was  seen  to  give  decidedly  the  closer  stream.  Eepeating  experiment 
with  40  pounds  pressiire,  the  maximum  height  of  jet  from  nozzle  Jwas,  on 
an  average,  about  4  per  cent,  less  than  from  nozzle  e. 

Comparison  No.  11.— 1^  inch  truncated  cone  nozzle  C  (Fig.  17),  compared 
with  nozzle  A.  This  nozzle  C  was  constructed  as  a  result  of  experiments  on 
distribution  of  velocity  (see  Fig.  61).  Keasoning  by  analogy  from  curves  of 
distribution  for  conical  nozzle  B  and  curve  for  pipe  of  uniform  diameter,  it 
was  evident  that  within  certain  limits  the  addition  of  a  straight  cylinder  to 
end  of  cone  increased  the  retardation  of  the  filaments  of  water  next  the  side. 
It  was  thought,  therefore,  that  possibly  there  would  be  less  retardation  of  the 
outer  portion  of  jet  if  the  straight  part  were  almost  wholly  removed  from  the 
ordinary  nozzle.  Then,  too,  it  was  desirable  to  learn  whether  this  straight 
part  was  of  any  real  advantage,  even  if  of  no  disadvantage.  Nozzle  G  was 
compared  with  nozzle  B,  in  manner  shown  in  Fig.  54,  with  pressures  of  about 
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50,  75  and  105  i)ounds  at  base  of  play-pipe,  and  angle  of  elevation  of  75  degrees. 
These  two  nozzles  were  also  compared  under  the  conditions  shown  in  Fig.  55, 
with  pressure  of  50  pounds  at  base  of  play-pipe.  From  all  these  comparisons 
it  was  concluded  that  the  difference  between  the  jets  was  practically  inappre- 
ciable, and  though  perhaps  the  height  of  jet  from  C  was  1  per  cent,  less,  cer- 
tainly  the  difference  in  distance  reached  by  main  body  of  the  two  streams 
could  not  have  averaged  greater  than  2  percent,  without  being  plainly  noticed. 
I  am  inclined  to  think  that  if  corner  at  end  of  taper  had  been  smoothly  rounded 
off  as  in  B,  Fig.  16,  or  as  in  the  standard  nozzle,  Fig.  7,  the  comparison  would 
have  been  slightly  more  favorable  to  C. 

Comparison  No.  12. — Nozzle  D  (Fig.  15)  compared  with  nozzle  A.  These 
two  nozzles  were  compared  playing  simultaneously,  in  the  manner  shown  in 
Fig.  55,  under  a  pressure  of  50  pounds.  It  was  not  possible  to  detect  any 
difference  in  the  character  of  the  two  jets.  This  experiment  was  not  made, 
under  such  favorable  conditions  as  some  of  the  others,  and  a  difference  of  2 
per  cent,  in  distance  reached  may  have  escaped  detection.  The  comparison 
is  of  interest,  as  showing  that  the  enlargement  of  diameter  of  nozzle  next  end 
of  play-pipe,  customary  with  most  makers,  causes  little  if  any  interference 
■with  flow. 

Comparison  iVb.  13. — Uniform  acceleration  nozzle  E  compared  with 
nozzle  B. 

In  pre^jaring  apparatus  for  these  experiments,  the  writer  was  led  to 
design  two  nozzles  of  this  form,  from  having  noticed  in  several  cases  the 
smooth,  ti'ansparent,  undisturbed  appearance  of  a  stream  falling  verti- 
cally from  the  contracted  end  of  a  pipe,  and  falling  by  direct  influence 
of  gravity  on  the  particles  forming  the  jet,  rather  than  by  the  propulsion 
from  a  high  pressure  within  the  pijie.  A  very  little  study  showed  the 
form  to  be  that  due  to  uniform  acceleration  of  velocity,  and  though  the 
analogy  was  of  course  not  strong  enough  to  amount  to  a  real  reason  why 
the  form  of  this  smooth  and  undisturbed  jet  should  serve  as  a  good  form 
for  a  nozzle,  yet  the  experiment  was  thought  worth  trying,  and  two 
nozzles  were  constructed  with  great  care.  One  of  these  is  shown  in  Fig. 
11  and  the  other  in  Fig.  18.  They  were  bored  and  polished  to  fit  tem- 
plets which  were  laid  out  with  micrometer  calipers  and  cut  with  great 
care.  The  temj^lets  probably  nowhere  varied  more  than,  say,  two  or 
three  thousandths  of  an  inch  from  the  mathematical  curve,  and  the 
nozzle  as  finally  finished  apparently  nowhere  diverged  more  than  TiAnr 
inch  from  the  mathematical  curve,  and  both  were  smoothly  polished,  and 
in  the  one  shown  in  Fig.  11  the  joints  were  so  finely  fitted  that  they 
could  hardly  be  seen  from  the  inside.  The  elements  for  the  curves  were, 
for  Fig.  11,  diameter  at  beginning,  2J^  inches;  diameter  at  end,  1.133 
inches. 
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Distance  of  beginning  from  plane  of  zero  velocity,  2.99  inclies. 
Length  along  axis  7  inches,  followed  by  1  inch  in  length  of  uniform 
diameter,  with  the  slight  corner  between  the  curve  and  the  straight  jsart 
rounded  ofi". 

For  Fig.  18,  diameter  at  beginning,  1.70  inches;  diameter  at  end, 
1.122  inches;  distance  of  up-stream  end  from  plane  of  zero  velocity, 
0 .  712  inches ;  length  of  curve  along  axis,  3 .  00  inches ;  followed  by  1 
inch  in  length  of  uniform  diameter;  these  tapering  and  cylindrical  sur- 
faces merging  into  each  other  almost  imperceptibly. 

Subsequent  to  the  making  of  the  nozzles  my  attention  was  called  to 
a  paper  by  Mr.  A.  F.  Nagle,  in  Transactions  Am.  Soc,  M.  E,  for  1888, 
page  505,  on  the  Best  Form  of  Nozzles,  etc.,  in  which  Mr.  Nagle 
expressed  the  opinion  that  this  form  of  nozzle  must  be  the  best.  I 
therefore  experimented  with  it  with  much  interest. 

A  comparison  of  nozzle  E,  Fig.  14,  with  nozzle  B  on  the  pipe  shown 
in  Fig.  13,  Avas  made  in  the  manner  shown  in  Fig.  55  with  50  pounds 
pressure  on  two  different  occasions,  one  time  being  at  the  exhibition 
made  in  the  presence  of  the  corps  of  inspectors.  The  closest  inspection 
failed  to  show  any  material  difference  in  the  solidity  of  the  streams  or 
in  the  distance  reached.  If  anything,  the  jet  from  the  uniform  accelera- 
tion nozzle  sprayed  the  most  within  the  first  40  feet  of  the  course  and 
was  a  little  the  less  solid  at  the  further  end.  These  conditions  were 
favorable  for  a  very  accurate  comparison.  Examining  the  two  jets  near 
orifice,  there  was  no  appreciable  diiference  noticed  in  smoothness  at  sur- 
face of  jet. 

A  comparison  was  also  made  at  the  site  shown  in  Fig.  54  at  very  high 
pressure,  trying  one  nozzle  at  a  time,  first  B  and  then  E.  In  this  com- 
parison the  general  result  was  that  at  about  105  pounds  static  pressure 
at  base  of  play-pipes  the  height  of  jet  as  a  good  fire  stream  was  fully  5 
per  cent,  less  for  the  uniform  acceleration  nozzle  than  for  the  conical 
nozzle  B,  but  the  height  to  Avhich  the  extreme  drops  were  thrown  ap- 
peared much  the  same  with  each. 

Comparisons  Nos.  13  and  14  couchasively  show  that  this  "uniform 
acceleration  "  curve  possesses  no  special  merit  as  a  form  for  a  nozzle. 

On  looking  over  Mr.  Nagle's  paper,  it  does  not  appear  that  his  argu- 
ment in  favor  of  this  form  for  nozzles  is  a  logical  one  at  all,  any  more 
than  the  mere  notion  mentioned  on  page  88,  which  led  me  to  have  two 
nozzles  of  the  form  made. 
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In  Professor  Merriman's  recent  valuable  treatise  on  liydraulics,  too, 
the  mathematical  derivation  of  the  curve  for  a  uniform  acceleration  noz- 
zle is  presented  as  though  there  were  good  reason  to  expect  this  form  of 
nozzle  to  be  the  best;  but  in  both  these  demonstrations  must  not  the 
starting  point,  that  this  uniform  acceleration  of  velocity  will  give  the 
best  results,  be  classed  as  resting  ou  a  notional  rather  than  a  rational 
basis?  It  may  be  mentioned  that  in  any  case  the  derivations  of  the 
curve,  as  given,  are  merely  convenient  ai)proximations  and  are  not  mathe- 
matically exact,  for  velocities  of  all  particles  in  each  j)lane  of  section  are 
asnimed  to  be  uniform,  which  we  well  know  not  to  be  the  case;  and 
even  if  they  were  uniform  at  end,  the  successive  surfaces  in  which  all 
the  particles  issuing  in  a  given  plane  would  be  found  as  they  approached 
orifice  would  not  be  planes,  but  surfaces  of  revolution  subtending  equal 
distances  on  the  various  paths  of  the  fluid  fillets  from  center  to  circum- 
ference. Why  should  uniform  acceleration,  which  involves  supposing 
the  force  in  its  full  magnitude  applied  instantly,  continued  uniform  for 
a  brief  interval  then  all  instantly  removed,  be  expected  to  give  better 
results  than  a  force  gradually  applied  and  gradually  increased  in  magui- 
tude,  as  is  the  case  in  a  plain  conical  nozzle?  Is  not  the  argument  as 
good  in  one  case  as  in  the  other,  and  of  no  certain  value  in  either?  And 
is  not  Mr.  Nagle's  argument  as  to  proper  form  for  diverging  tubes,  in 
the  paper  above  referred  to,  equally  without  substantial  basis?  Since 
extreme  divergence  near  end  would  probably  lead  to  formation  of  eddies. 

I  fancy  that  for  the  best  efficiency  of  nozzles  as  for  turbines  it  is  not 
a  question  of  having  the  curves  follow  any  given  equation,  but  almost 
wholly  a  question  of  making  curves  of  such  form  that  eddies  or  tenden- 
cies toward  eddies  or  unsymmetrical  distribution  of  velocity  may  be 
avoided. 

One  other  criticism  may  be  made  on  Mr.  Nagle's  nozzle  (shown  in 
Fig.  128,  page  506,  Transactions  Am.  Soc.  Mech.  Eng.,  1888),  viz.: 
After  inci'easing  the  velocity  to  almost  its  extreme  limit,  the  water  is 
carried  within  the  walls  of  nozzle  for  a  comparatively  long  distance, 
thus  tending  to  incur  more  loss  by  friction  against  walls  and  conse- 
quent greater  retardation  at  side  of  jet  than  if  the  velocity  were  kept 
low  up  nearly  to  end  of  nozzle. 

It  has  been  thought  well  to  discuss  this  form  of  nozzle  at  greater 
length  by  reason  of  the  prominence  given  it  by  the  publications  of  Mr. 
Nagle  and  Professor  Merriman,  alreadv  referred  to. 
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Comparison  No.  14. — Comparison  of  small  uniform  acceleration  nozzle  B 
(Fig.  18),  on  conical  pipe  shown  in  Fig.  13,  with  nozzle  B  (Fig.  16)  placed  on 
a  similar  pipe.  These  were  compared  in  manner  shown  in  Fig.  54  at  60 
degrees  elevation  with  50  pounds  pressure.  Careful  examination  failed  to 
show  any  appreciable  difference  in  the  character  of  the  jets  from  these  two 
nozzles;  certainly  the  difference  in  height  to  which  jets  were  projected  was 
not  over  one  per  cent. 

Comparison  No.  15. — The  bottle-shaped  nozzle  L  (Fig.  20)  compared  with 
conical  nozzle  B.  Both  were  attached  to  play-pipes  of  the  kind  shown  in 
Fig.  13,  and  were  tested  side  by  side  in  the  manner  shown  in  Fig.  55,  at  a 
pressure  of  iifty  pounds.  Hardly  any  difference  could  be  detected  in  distance 
reached  by  the  two  jets,  though,  on  the  whole,  that  from  L  appeared  to  be 
slightly  inferior.  The  difference,  if  any,  was  probably  not  greater  than  two 
per  cent.  This  comparison  was  rather  quickly  made,  however,  and  although 
no  reason  appears  for  doubting  its  accuracy,  it  should  be  understood  that  the 
comparison  was  less  comjilete  in  its  range  than  most  of  the  others. 

Comparison  or  Choke-Boee  Nozzles. 

These  nozzles  termed  "choke-bore"  nozzles  were  constructed  with  a 
slight  contraction  of  water-way  close  to  the  orifice,  with  the  idea  that  possibly 
this  slight  contraction  of  water-way  might  force  those  particles  of  water  next 
to  the  outside  of  jet  a  little  ahead  of  their  normal  position,  and  thus  tend  to 
pi'event  the  retardation  at  side  of  jet  (shown  in  Figs.  61  and  62).  The  reason 
for  thinking  that  possibly  this  might  be  the  case  was  that  the  writer,  in  meas- 
uring, a  number  of  years  since,  the  distribution  of  velocities  in  an  open  river 
channel  in  the  vicinity  of  a  bridge  pier,  found  the  obstruction  by  the  pier  to 
force  the  curve  of  velocities  slightly  ahead  at  points  a  few  feet  from  the  Y)\qx. 

In  making  tiume  measurements,  too,  of  the  quantity  of  water  passing  a  mill- 
race,  by  the  Francis  method,  with  floating  tubes,  the  writer  had,  in  the  course 
of  gaiigings  at  certain  race-ways  where  there  was  a  contraction  of  width  of 
flume  immediately  above  the  site  of  the  gauging,  found  a  velocity  at  a  short 
distance  from  side  even  greater  than  that  in  the  center.  Various  other  some- 
what similar  phenomena  noted  in  the  writer's  experience  indicated  as  proba- 
ble that  when  an  obstruction  is  placed  in  a  water-course  where  there  is  a  cer- 
tain rate  of  flow,  the  inertia  of  the  water  moving  immediately  adjacent  to  this 
obstruction  tends  to  produce  the  increase  of  velocity  necessary  to  make  up 
for  lost  area  of  section,  mainly  in  the  immediate  vicinity  of  the  obstruction; 
rather  than  to  let  this  necessary  increase  of  velocity  be  uniformly  distributed 
throughout  the  cross-section. 

It  looked  reasonable  to  suppose  that  some  such  action  as  this  might  obtain 
in  nozzles,  and  prior  to  the  experiments  it  was  thought  by  the  writer  that  per- 
haps this  might  jjrove  a  suflicient  cause  for  the  superiority  of  a  ring  nozzle 
having  some  certain  projection  of  shoulder  over  the  smooth  form. 

Various  nozzles  as  mentioned  next  in  oz'der  were  therefore  constructed  one 
after  another,  in  the  effort  to  increase  the  proportional  velocity  at  side  of  jet. 
We  may  say  at  once  that  our  hopes  were  disappointed  and  none  of  these  choke- 
bores  proved  to  have  any  merit  over  the  smooth  cone. 
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Comparison  No.  16. — -The  long  choke-bore,  nozzle  Q,  Fig.  21,  was  therefore 
constructed,  and  was  compared  with  the  conical  nozzle  li,  under  the  condi- 
tions shown  in  Fig.  54,  with  50  poiinds  pressure  at  base  of  play-pipe,  and  an 
angle  of  GO  degrees  elevation.  It  appeared  that  nozzle  Q  was  in  nowise 
superior  to  nozzle  B,  and  that  in  general  the  extreme  height  of  its  jet  was  not 
so  great  by  about  1  foot.  Judging  of  the  two  as  good  fire  streams  at  -40  pounds 
pressure,  the  highest  point  at  which  they  could  be  classed  as  such  was  3  or  4 
feet  less  with  Q  than  with  B.  On  the  whole,  I  conclude  nozzle  Q  was  from  2 
to  4  per  cent,  inferior  to  nozzle  B  in  projecting  power. 

Compar}so)i  No.  17. — The  short  l}-inch  choke-bore  nozzle  //,  Fig.  19,  com- 
pared with  conical  nozzle  B.  Nozzle  II  was  constructed  at  the  same  time  and 
with  the  same  object  in  view  as  for  the  exi^eriment  last  described.  Experiment 
was  made  with  50  pounds  pressure  and  also  with  40  pounds  pressure  at  base 
of  play-pipes,  and  with  apparatus  arranged  as  shown  in  Fig.  54.  I  concluded 
nozzle  II  to  be  in  nowise  superior  to  nozzle  B,  and  that  the  summit  of  its  jet 
did  not  average  so  high  by  about  3  feet. 

Nozzle  II  was  then  tested  side  by  side  with  nozzle  J,  and  the  streams  from 
the  two  appeared  almo3t  identical.  Thus,  on  the  whole,  it  was  concluded  that 
jet  from  nozzle  H  reached  a  distance  3  per  cent,  less  than  that  from  B. 

Compari.<ion  No.  18. — Short  l|-inch  choke-bore  nozzle  q  compared  with 
conical  nozzle  B.  Test  made  under  conditions  shown  in  Fig.  54,  60  degrees 
elevation,  50  pounds  pressure,  but  with  only  one  stream  playing  at  a  time. 
From  trj'ing  first  one,  then  the  other,  and  then  repeating,  my  assistant  and 
myself  indejiendently  reached  the  conclusion  that  q  was  probably  slightly  in- 
ferior to  B  in  projecting  power.  It  was  difficiilt  to  perceive  any  difference, 
and  it  appeared  certain  that  difference  was  not  more  than  1  per  cent.  Appa- 
rently the  stream  from  q  wavered  more  and  broke  into  drojjs  a  little  sooner 
near  the  top. 

Comparison  No.  19. — 1^-inch  taper  ring  p  (Fig.  35)  compared  with  li-inch 
smooth  nozzle  B.  The  taper-ring  nozzle  gave  a  jet  which  at  time  of  measure- 
ment of  co-eificient  of  discharge  was  seen  to  be  so  plainly  inferior  by  reason 
of  greater  spraying  and  apparentlj"^  disturbed  condition  of  current  that  the 
more  complete  comparison  as  per  Fig.  54  was  not  made. 

Comparison  No.  20. — Nozzle  li'(Fig.  22)  compared  with  nozzle  i?.  These 
two  nozzles  were  compared  playing  simultaneously,  under  the  conditions 
shown  in  Fig.  55,  at  50  pounds  pressure  at  base  of  pipe.  An  increased 
amount  of  spraying  due  to  the  obstruction  in  waterway  was  very  evident, 
and  distance  reached  by  jet  was  very  appi'eciably  less  than  from  nozzle  B,  say 
10  per  cent.  The  difference  in  distance  reached  by  jet  was  not  determined 
with  great  exactness  by  reason  of  a  slight  wind  which  existed  at  the  time. 

Comparison  No.  21. — Comparing  the  Silsbj'  long  cone  with  the  Silsby  short 
cone  (Fig.  24),  by  trying  first  one  and  then  the  other  and  then  repeating,  at  an 
elevation  of  60  degrees  with  50  pounds  pressure,  it  appeared  that  there  was 
no  material  difference  in  the  maximum  elevation  attained  by  the  two  jets,  but 
on  the  whole  it  seemed  as  though  the  long  nozzle  gave  a  slightly  more  solid 
stream. 

Comparison  No.  22. — Nozzle  A,  on  flexible  play-pipe  of  uniform  diameter 
shown  in  Fig.  26,  compared  with  stream  played  simultaneously  from  nozzle  B, 
attached  to  the  ordinary  tapering  play-pipe  shown  in  Fig.  13.     Experiments 
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were  made  with  apparatus  arranged  as  in  Fig.  54,  with  pressure  at  50  pounds 
and  an  elevation  of  75  degrees.  The  conditions  for  observation  were  excellent 
in  every  way,  and  I  examined  jets  from  both  the  Pacific  and  the  Washington 
roof.  Jet  from  the  nozzle  on  flexible  pipe,  shown  in  Fig.  26,  was  on  an  aver- 
age fully  1  foot  to  IJ  feet  inferior  in  height  reached,  to  jet  from  nozzle  B. 
(Experiment  No.  1  would  indicate  that  probably  half  of  this  difference  was 
due  to  difference  in  the  nozzles,  leaving  the  other  half  to  be  accounted  for  by 
difference  in  the  forms  of  play-pipes.)  On  the  closest  examination  I  could 
detect  no  difference  in  the  spraying  quality  of  the  two  jets.  Drops  of  water 
at  summit  of  both  streams  were  about  f  inch  in  diametei*.  This  is  of  special 
interest  as  showing  that  the  special  form  of  play-pipe  has  little  influence  on 
character  of  jet  so  long  as  diameter  at  end  of  play-pipe  and  beginning  of 
nozzle  proper  is  reasonably  large.  And  it  is  of  interest  also  as  showing  that 
this  flexible  plaj'-pipe,  which  is  quite  popular  among  firemen,  is,  when  kept 
straight,  but  very  little  inferior  to  the  best  in  projecting  power. 

Comparison  No.  23. — Plaj'-pipe  shown  in  Fig.  25  with  rough  interior  sur- 
face and  1-inch  outlet,  compared  with  nozzle  of  same  size  (c)  on  play  pipe 
with  smooth  interior  shown  in  Fig.  13.  The  comparison  was  made  as  shown 
in  Fig.  54  at  75  degrees  elevation  and  with  50  pounds  pressure,  and  all  con- 
ditions were  very  favorable  for  accurate  obseivation. 

The  play-pipe  shown  in  Fig.  25  was  of  a  kind  often  found  in  the 
market.  It  was  made  from  a  brass  casting,  and  its  outside  was  nicely 
polished,  while  its  inside  was  left  rough  as  it  came  from  the  foundry- 
sand.  It  was  found  that  the  jet  from  this  reached  a  height  12  feet  less 
(about  13  per  cent.)  than  jet  from  the  smooth  play-pipe. 

There  was  one  very  remarkable  fact,  however,  noticed,  which  is 
worthy  of  mention.  The  drops  from  this  rough  pipe  were  at  the  sum- 
mit of  double  the  size  of  those  from  the  higher  jet.  They  averaged 
about  i  inch  in  diameter.  This  was  unquestionably  evident,  as  from  the 
station  on  the  Pacific  roof  I  stood  close  to  summit  of  jet. 

In  this  connection  it  may  be  remarked  that  in  comparing  the  jet 
from  small  Siamese,  which  by  reason  of  its  too-small  play-pipe  reached 
a  less  height  than  jet  from  the  larger  barrel,  the  drops  composing  the 
summit  of  the  inferior  jet  were  much  larger  and  closer  together  than 
those  from  the  jet  attaining  the  greater  height,  being,  in  fact,  irregular 
lumjjs  of  water  rather  than  drops. 

•  Ring  Nozzles  vs.  Smooth  Nozzles. 

Considerable  intcn-est  attaches  to  the  comparison  between  ring  nozzles 
and  smooth  nozzles,  for  although  at  the  present  time  the  best  authori- 
ties agree  in  the  opinion  that  a  smooth  nozzle  will  throw  equally  as 
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good  a  stream  as  a  ring  nozzle,  yet  there  are  many  experienced  firemen 
wlio  consider  that  the  ring  nozzle  throws  a  cleaner  and  more  solid 
stream,  and  who  maintain  their  opinions  very  positively.  It  was  in- 
tended, if  possible,  to  settle  this  question  by  the  following  exi)eriments, 
and  the  result  of  the  following  comparison  shows  that  the  ring  nozzle 
possesses  no  advantage  whatever  over  the  smooth;  but  the  difference  in 
the  character  of  the  streams  from  the  two  nozzles  was  almost  inappre- 
ciable, both  as  to  distance  attained  by  the  extreme  drops  and  also  by 
the  main  body  of  the  jet.  As  a  result  of  all  the  comparisons  it  was 
concluded  that  the  extreme  height  attained  by  jet  from  smooth  nozzle 
was  about  1  per  cent,  greater  than  height  of  jet  from  ring  nozzle 
discharging  the  same  quantity  of  water  under  the  same  pressure.  The 
spraying  from  the  ring  nozzle  was  certainly  slightly  greater  than  for  the 
stream  from  the  smooth  nozzle.  On  the  whole,  it  was  concluded 
that  the  distance  to  which  the  stream  could  be  classed  as  a  "  good  fire 
stream  "  was  3  per  cent,  less  with  the  ring  nozzle  than  with  the  smooth 
nozzle,  and  since  the  ring  nozzle  discharges  only  aboiit  three-fourths  as 
much  water  as  does  the  smooth  nozzle  with  the  same  size  of  orifice,  there 
is,  in  addition  to  difi'ereuce  noted  above,  a  still  further  superiority  in  dis- 
tance reached  by  a  stream  from  a  smooth  nozzle  over  a  stream  from  a 
ring  nozzle  of  the  same  diameter.  Although  the  difference  in  the  reach 
and  solidity  of  jets  from  ring  nozzles  or  from  smooth  nozzles  is  so  small 
as  to  be  almost  of  no  practical  importance,  yet  the  use  of  the  ring  nozzle 
is  to  be  discouraged,  since  it  makes  a  show  of  playing  a  larger  stream 
than  is  the  fact.     Details  regai'ding  the  comparisons  are  given  below: 

Comparison  Xo.  2i. — l.^-incb  square  ring  nozzle  ((')  of  the  ordinary  form, 
compared  with  IJ-inch  smooth  nozzle  B  under  conditions  shown  in  Fig.  54,  at 
50  pounds  pressure  and  60  degrees  elevation  of  jet.  The  height  of  jet  from 
ring  nozzle  was  from  1  to  2^  per  cent,  less  than  from  smooth  nozzle,  and  un- 
questionably there  was  more  spraying  from  the  ring  nozzle  jet. 

Comparison  was  then  made  with  both  jets  vertical,  first  with  50  pounds 
pressure  and  afterwards  with  40  pounds  pressure  at  base  of  jDlay-pipe.  As 
the  mean  of  these  two  experiments,  ultimate  height  appeared  the  same  within 
less  than  1  per  cent.,  but  water  at  top  of  jet  was  certainly  in  less  solid  and 
compact  form  in  jet  from  ring  nozzle  than  from  smooth  nozzle. 

Comparison  Xo.  25. — In  order  to  make  the  comparison  still  more  conclusive, 
a  ring  nozzle  was  construced  (see  nozzle  k.  Fig.  33)  of  such  diameter  as  to  dis- 
charge almost  exactly  the  same  quantity  of  water  as  did  the  IJ-inch  smooth 
nozzle  B;  but  as  finally  made  the  diameter  proved  a  few  thousandths  of  an  inch 
larger  than  intended,  and  thus  the  discbarge  was  nearly  2  per  cent,  greater 
than  the  discbarge  from  B.     This  difference  was  of  course  too  small  to  affect 
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the  following  comparison.  This  nozzle  k  was  constructed  with  especial  care 
to  have  the  face  of  the  ring  as  nearly  in  a  plane  surface  as  possible,  and  the 
edge  was  finished  as  sharply  as  brass  could  be  worked  and  was  not  dulled  by 
polishing  with  emery  cloth.  The  several  comparisons  made  between  jet  from 
this  nozzle  /.;  and  from  nozzle  B  are  considered  very  satisfactory. 

The  coiDimrison  was  made  first  under  the  conditions  shown  in  Fig.  55,  the 
two  jets  playing  simultaneously  in  each  case,  and  the  pressures  being  adjusted 
so  as  to  be  equal  within  ^^^  pound  or  less.  The  conditions  were  such  that  a 
difiference  of  less  than  1  per  cent,  in  distance  reached  could  be  easily  detected. 
The  two  jets  agreed  with  suri^ rising  closeness.  It  was  almost  impossible  to 
detect  any  difference  in  their  path  until  very  near  the  end;  but  it  was  evident 
that  the  extreme  drops  from  the  ring  nozzle  attained  in  general  a  distance 
aboiit  1  per  cent,  less  than  those  from  the  smooth  nozzle,  and  as  a  "good  fire 
stream"  it  was  judged  that  the  jet  from  smooth  nozzle  attained  a  distance 
from  2  to  4  per  cent,  greater.  Unquestionably  there  was  a  little  more  spray- 
ing on  the  ring  nozzle  jet  than  on  the  smooth.  This  experiment  was  afterward 
repeated,  both  as  shown  in  Figs.  5i  and  55,  in  the  presence  of  the  corps  of 
inspectors,  and  after  making  one  experiment  the  nozzles  were  reversed  in 
position,  each  being  placed  on  the  other's  play-pipe,  all  else  remaining  the 
same.     The  general  result  was  again  found  as  already  stated. 

King  nozzle  k  was  afterward  compared  with  smooth  nozzle  B  at  the  un- 
usually high  pressure  of  about  103  pounds  at  base  of  play-pipe  and  75  degrees 
elevation,  the  comparison  being  made  at  site  of  Fig.  54,  but  with  only  one 
stream  playing  at  a  time.  So  far  as  could  be  seen  the  extreme  drops  of  the 
two  jets  reached  the  same  height,  and  main  body  of  jet  at  summit  was  about  2 
per  cent,  less  for  the  ring  nozzle,  and  the  height  at  which  the  two  were  classed 
as  "  fair  fire  streams  "  was  considered  to  be  5  per  cent,  less  for  the  ring  nozzle. 

Comparison  No.  26. — Ordinary  undercut  ring  nozzle  n  (see  Fig.  30)  com- 
pared with  smooth  conical  nozzle  B.  This  undercut  nozzle,  so-called,  is  of  a 
style  which  is  considered  by  many  good  firemen  to  give  a  superior  stream; 
but  the  reason  usually  given  for  this  opinion  is  rather  more  amusing  than 
scientific,  namely,  that  it  holds  back  the  slow,  disturbed  currents  of  water 
near  side  of  play-pipe  and  gives  out  only  the  central  swift  and  least  disturbed 
portion  for  the  jet.  Comparisons  between  these  two  nozzles,  made  at  60  degrees 
elevation,  as  in  Fig.  54,  and  also  at  a  lower  elevation  as  in  Fig.  55,  failed  to 
show  any  appreciable  difference  in  jet  from  this  form  of  nozzle  and  the  more 
common  square  ring  nozzle  last  described. 

Comparison  No.  27. — Narrow  ring  nozzle  /,  Fig.  29,  was  constructed  subse- 
quent to  a  portion  of  the  above  experiments,  partly  from  the  same  motives 
that  led  to  the  construction  of  the  choke-bore  nozzles  already  mentioned.  It 
will  be  noted  that  its  discharge  was  almost  identical  in  quantity  with  that 
from  smooth  conical  nozzle  B,  and  several  comparisons  were  made  therefore 
between  these  two  playing  side  by  side.  The  general  result  of  these  com- 
parisons was  to  indicate  that  this  narrow  ring  gave  a  stream  slightly  superior 
to  that  from  the  wider  rings,  and  it  could  not  be  said  that  it  was  any  inferior 
to  the  jet  from  the  smooth  nozzle.  It  appeared  certain,  however,  that  it  was 
not  superior.  In  this  comparison  the  pressure,  though  generally  50  pounds, 
was  carried  up  to  100  pounds  in  one  experiment  made  at  an  angle  of  75 
degrees. 
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Comparison  No.  28. — Undercut  cap  o,  Fig.  32.  By  reason  of  failure  to  find 
suitable  opportunity  when  there  was  no  disturbance  from  wind,  this  compar- 
ison was  not  carried  out  with  such  detail  as  the  most  of  those  already  de- 
scribed. It  was  found  by  the  preliminary  experiments,  at  50  pounds  pressure 
that  the  jet  from  this  nozzle  was  certainly  very  much  poorer  than  from 
the  smooth  conical  nozzle,  and  apparently  poorer  than  from  any  other  form 
of  nozzle  tried.  The  form  of  jet  appeared  slightly  unstable,  as  though  due 
to  an  internal  disturbed  condition.  There  were  also  a  few  lines  or  nodes 
occasionally  apparent  on  exterior  of  jet  at  a  distance  of  a  foot  or  so  from  noz- 
zle, but  they  were  not  sharply  defined  and  their  position  was  unstable. 

Comparison  No.  2d. — Siamese  nozzle  with  3-inch  straight  barrel  compared 
with  Siamese  nozzle  with  play-pipe  or  barrel  4  inches  in  diameter  at  base  (see 
Fig.  4'4).  Comparison  made  at  75  degrees  elevation  at  site  shown  in  Fig.  54, 
trying  first  one  and  then  the  other.  In  both  these  comjiarisons  it  was  found 
that  the  height  of  extreme  drops  and  of  the  main  body  of  stream  at  its  sum- 
mit was  from  6  to  8  per  cent,  less  than  for  the  Siamese  with  the  smaller  play 
pipe.  It  appeared  that  the  jet  from  the  larger  jilay-pipe  could  be  classed  as  a 
"good  fire  stream"  for  a  height  from  8  to  12  per  cent,  greater  than  the  jet 
from  the  smaller,  but  the  remarkable  fact  was  noted  that  the  size  of  drops  and 
general  solidity  of  jet  was  better  with  this  smaller  play-pipe. 

Comparison  No.  30. — Several  comijarisons  were  made  between  the 
smooth  2-iuch  Siamese  nozzle,  and  also  the  If-iucli  nozzle  and  the  ring 
nozzle  shown  in  Figs.  39  and  41.  So  far  as  could  be  detected  these  ring 
nozzles  gave  jets  equally  as  close  as  those  obtained  from  the  smooth 
nozzle,  but,  as  mentioned  previously,  I  do  not  consider  that  any  of  these 
Siamese  jets  were  so  solid  and  free  from  spraying  as  it  is  possible  to 
obtain. 

In  closing  this  subject,  the  writer  would  suggest  two  rather  fine 
points  upon  which  further  experiment  would  be  of  practical  value;  the 
first  is,  to  determine  by  careful  experiment  the  conditions  as  to  form  or 
smoothness  of  play-pipe  necessary  to  insure  that  the  drops  into  which 
the  jet  or  stream  breaks  toward  the  end  be  of  the  largest  possible  size; 
for  such  coarse  drops  will  be  less  likely  to  evaporate  in  passing  through 
the  flames. 

It  so  happened  that  in  two  cases  (comparisons  Nos.  23  and  29),  where 
the  nozzle  as  a  whole  was  inferior  in  projecting  power,  the  drops  at 
end  of  the  lower  jet  wei'e  certainly  of  double  the  size  of  those  belonging 
to  the  other  stream  playing  at  its  side. 

It  is  surmised  that  this  may  have  been  due  to  the  action  of  the 
greater  friction  loss  within  the  play-j^ipe,  etc. ,  in  removing  or  absorb- 
ing the  influence  of  irregular  currents  originating  within  the  hose. 

The  second  point  suggested  for  further  experiment  is,  that  when  it  is 
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found  expedient  to  make  further  testa  on  jets,  it  would  be  well  to  get 
some  quantitative  measurement  of  the  proportion  of  the  whole  volume 
leaving  the  nozzle,  which  attains  some  given  position  near  end  of  jet. 

Thus,  for  instance,  with  a  jet  under  50  pounds  pressure,  arrange  a 
tank  or  weir  to  measure  the  water  rec-eived  into  a  vertical  ojDening  say 
2  feet  square,  placed,  say,  80  or  100  feet  distant  from  nozzle  and  at  an 
elevation  of  30  feet  above  it. 

This  would  settle  conclusively  whether  there  was  a  very  considerable 
difference  in  the  thinness  to  which  jets  whose  extreme  drops  reached 
the  same  distance  tapered  out  toward  the  end,  as  stated  by  Captain 
Eyre  M.  Shaw  in  his  book  on  fire  protection,  and  thought  to  be  depend- 
ent on  the  form  of  nozzle,  but  of  which  the  writer  found  no  evidence. 

The  writer  did  not  find  any  very  marked  difference  between  differ- 
ent nozzles  in  this  respect,  although  it  was  looked  for;  and  although 
such  eye  estimates  are,  of  course,  less  positive  than  actual  measurements, 
it  is  to  be  said  in  this  connection  that  by  reason  of  having  such  a  near 
j)oint  of  view  for  examining  the  jets  under  comparison,  and  also  by 
reason  of  their  being  seen  against  the  excellent  background  furnished 
by  the  adjacent  brick  wall,  and  also  especially  from  the  fact  that  in  most 
cases  the  comparisons  were  made  with  the  two  jets  playing  side  by  side, 
it  is  not  thought  that  the  comparisons  can  have  been  very  much  in 
error. 
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Distribution  of  Velocity  in  Jets. 
This  is  a  matter  upon  which  the  writer  was  unable  to  find  that  pre- 
vious experiments  had  been   made.     The  following  investigation  was 
undertaken,  therefore,  in  the  hope  that  it  might  lead  to  improvement  in 
form  of  nozzle. 

The  apparatus  is  shown  in  Fig.  60  and  the  results  in  Figs.  61  and  62. 
The  instrument  shown  in  Fig.  60  was  designed  by  the  writer  specially 
for  these  experiments  and  proved  all  that  could  be  desired.  The  stiff 
form  and  secure  clamp  prevented  all  vibration,  and  the  sharp  knife-edge 
of  bar  opposed  so  little  resistance  to  current  that  it  was  found  to  cause 
no  disturbance  whatever  in  the  relative  distribution  of  velocities.  In 
other  words,  the  curves  of  distribution  were  in  almost  every  case  sym- 
metrical on  the  two  sides  of  center  (see  Fig.  62),  although  the  velocities 
at  side  of  jet  furthest  from  stand  were  measured  with  the  bar  of  instru- 
ment passing  almost  entirely  through  jet  and  cutting  it  in  halves.  The 
main  instrument  was  of  brass,  but  the  small-point  was  composed  of  an 
alloy  of  gold  tipped  with  iridium,  and  was  in  fact  the  tip  from  a  stylo- 
graphic  i^en  having  an  orifice  of  uniisually  small  size. 

This  point  was  carefully  re-finished  by  a  watchmaker  in  order  to  get 
its  minute  end  faced  up  true  and  square.  The  diameter  of  orifice  was 
about  six- thousandths  of  an  inch  and  external  diameter  of  the  point  at 
its  end  0.017  inch.  By  means  of  the  vernier  and  scale  engraved  on  the 
stand  and  body  of  instrument  it  was  possible  to  determine  position  of 
point  within  a  few  thousandths  of  an  inch.  The  greatest  care  was  taken 
that  even  the  most  minute  leakage  from  the  gauge  connections  should 
not  exist,  as  it  was  realized  that  by  reason  of  the  small  size  of  orifice 
such  leakage  would  have  jjroved  fatal  to  accuracy. 

The  two  gauges  used  were  new  and  excellent  standard  test  gauges  of 
the  Bourdon  style,  graduated  to  single  pounds,  but  read  by  estimation 
to  tenths  of  pounds.  At  the  close  of  the  experiments  these  gauges  were 
both  compared  with  one  of  the  mercury  columns  and  proper  corrections 
determined.  These  gauges  were  selected  rather  than  the  mercury  columns 
by  reason  of  their  greater  portability  ;  but  the  Avriter  now  regrets  that 
he  did  not  make  use  of  the  mercury  gauges,  for  since  the  rest  of  the 
apparatus  proved  accurate  and  the  measurements  definite  to  an  unex- 
pected degree,  it  would  have  been  of  some  interest  to  have  had  means 
for  measuring  the  pressures  with  certainty  to  within  a  few  hundredths 
of  a  pound. 
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Fig. 60. 

Apparo<u»  for  mceeur-fnd'  Dietr-ibuiion  or  Velocity  in  Jet 
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These  Bourdon  gauges,  however,  worked  unusually  well,  and  there  is 
no  reason  to  think  their  indication  more  than,  say,  two-tenths  of  a 
pound  in  error. 

Water  was  supi^lied  from  the  city  reservoir  through  the  hydrants  and 
the  2i-incli  hose,  and  the  pressure  was  regulated  by  the  hydrant  gate. 

There  were  jets  from  about  a  dozen  ditferent  nozzles  experimented 
upon  in  this  manner. 

A  single  sheet  of  the  reduced  notes  is  reproduced  here  to  illustrate 
the  method  followed  (see  Table  No.  13). 

As  it  will  be  remarked  that  the  time  occupied  by  each  observation 
was  rather  short,  we  may  remark  that  care  was  taken  to  give  the  gauge 
ample  time  to  establish  its  equilibrium  and  come  to  rest  after  each  change 
in  position.  Under  these  very  high  velocities  it  took  but  a  very  short 
time  for  the  gauge  to  settle.  This  particular  sheet  happens  to  be  one 
taken  after  considerable  facility  in  the  quick  manipulation  of  the  in- 
strument had  been  acquired. 

In  all  the  plottings  the  co-efficient  of  the  instrument  has  been  as- 
sumed to  be  unity  and  the  velocity  is  thus  taken  as  that  corresponding 
to  the  pressure  shown  by  the  gauge  attached  to  the  instrument.  The 
velocity  was  generally  measured  at  from  ^  to  i  inch  away  from  the 
orifice,  and  in  case  of  the  contracted  streams  the  velocity  instrument  was 
set  with  its  point  in  the  jDlane  of  greatest  contraction. 

The  diameters  of  the  jets  were  calipered  with  much  care,  but  it  was 
found  difficult  to  determine  these  diameters  nearer  than  tutt  inch,  by 
reason  of  the  incipient  spraying  already  referred  to. 

Fig.  61  gives  three  representative  curves  plotted  on  a  magnified 
scale.  The  plotting  is  made  with  actual  distances  from  center  as  ordi- 
nates  and  actual  velocities  in  feet  per  second  as  abscissae. 

A  point  which  at  once  strikes  one  as  of  special  interest  is  the  difi'er- 
ence  between  the  jet  from  a  conical  nozzle  or  an  orifice  with  sharj)  con- 
traction, and  a  jet  from  a  straight  pipe  of  uniform  width.  The  velocity 
in  the  jet  from  the  nozzle  or  sharp-edged  orifice  is  seen  to  be  almost 
absolutely  uniform  for  about  four-fifths  of  the  whole  distance  from  center 
outward  to  circumference,  while  the  jet  from  the  pipe  of  uniform 
diameter  is  retarded  all  the  way  from  the  center  outward. 

This  pipe  of  uniform  diameter  it  should  be  said  was  a  good,  straight, 
average,  smooth  piece  of  brass  tubing  5  feet  long  and  l^  inches  internal 
diameter.     It  was  not  "seamless  drawn"  as  would  have  been  preferable, 
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but  was  "brazed  tube,"  and  there  was  thus  a  slight  difference  in 
character  of  service  along  this  seam,  which  is  perhaps  the  cause  of  the 
curve  shown  in  Fig.  61  not  being  quite  symmetrical.  This  5-foot  i^iece 
of  Ig^  tubing  was  connected  to  the  end  of  one  of  the  l|-iuch  conical 
nozzles  by  appropriate  screw  threads  and  couplings,  and  this  nozzle  was 
in  turn  attached  to  play-pij)e  in  the  same  way  as  shown  in  the  lower 
sketch  of  Fig.  60,  except  that  of  course  it  carried  the  play-pijDe,  etc. , 
farther  up  stream  along  its  plank  support. 

The  character  of  the  jet  from  the  straight  pipe  was  very  much  in- 
ferior to  that  from  a  conical  nozzle  ;  it  sprayed  and  spread  out  much 
more  quickly. 

It  thus  appears  that  excessive  retardation  of  velocity  in  outer  layers 
tends  to  increase  the  s^jraying  and  to  decrease  the  distance  to  which  the 
jet  will  retain  its  solidity.     This  might  naturally  be  expected. 

These  experiments  on  distribution  of  velocity  are  also  of  great  in- 
terest in  illustrating  the  reason  for  the  value  of  the  co-efficient  of  dis- 
charge for  a  tapering  nozzle.  They  indicate  that  the  reduction  of  its 
value  below  unity  is  due  only  to  the  retardation  of  velocity  of  the  outer- 
most fluid  fillets  caused  by  friction  against  walls  of  orifice. 

That  the  velocity  within  the  central  portion  of  the  jet  is  very  nearly, 
if  not  quite,  that  theoretically  due  to  the  pressure,  is  indicated  by  the 
following  comparison : 


Nozzle  experimented  upon. 


A  (conical) 

B  (conical) 

c  (truncati'd  cone). 
E  (unit,  accol.)  .  — 
i  {1'4  sq.  rinti)-.   •• 

71  (1 '.;  u.  c.  riiiH) 

k  (1.311  sq.  ring).. . 

I  (l^sq.  ring) 

o  (1,'4  cap) 


Average  difference. 
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52.0 
62.0 
5-2.0 
52.1 
51.8 
51.6 
52.1 
52.0 
51.1 


87.89 
87.89 
87.89 
87.97 
87.71 
87.54 
87.97 
87.89 
87.12 


■3gr 
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;.  p.  sec 
87.45 
87.33 
88.54 
87.20 
87.45 
87.12 
87.7.1 
87.40 
87.86 


Ft.  per  sec. 

-i  0.44 

+0.56 

—0.65 

+0.77 

+0.26 

+0.42 

+0.24 

+0.49 

—0.74 


+0.20  ft.  per 
second. 


Average  i^roportional  diflference  between   theoretical  velocity  and  actual  velocity  in 
central  portion  of  jet  =  0.00227. 
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We  should  naturally  expect  that  the  friction  within  the  play-jiipe 
proper  would  absorb  some  force,  and  thus  that  the  instrument  velocity 
might  be  very  slightly  less  than  the  theoretical  velocity  due  to  pressure 
measured  at  base  of  play-pipe. 

This  difference  actually  found  is  so  very  slight  that  the  small  gauge 
•errors  might  account  for  it,  therefore  it  is  a  matter  of  regret  that  the 
more  accurate  mercury  gauges  were  not  used. 

We  can,  however,  I  think,  safely  say  that  velocity  at  central  portion 
of  jet  equals  the  theoretical  velocity  due  the  head  at  base  of  play-pipe, 
providing  play-jiipe  be  short,  of  good  diameter  and  smooth. 

Upon  Fig.  62  as  many  representative  curves  have  been  traced  as  was 
possible  without  so  confusing  the  lines  as  to  make  the  diagram  of  little 
or  no  value.  The  curves  obtained  with  the  other  nozzles  are  all  similar; 
even  that  with  the  smooth  2-inch  nozzle  for  Siamese  was  similar  near 
the  side.  We  see  revealed  by  these  curves  the  interesting  fact  that  about 
two-thirds  of  the  whole  distance  from  center  to  circumference  the 
Telocity  remains  the  same  as  at  center,  and  that  at  iV  inch  from  the 
wall  of  this  orifice  the  velocity  was  only  5  per  cent,  less  than  at  center 
of  jet. 

The  difference  between  the  relative  arrangement  or  distribution  of 
velocities  for  the  contracted  nozzles  or  ring  nozzles  and  the  smooth  noz- 
zles is  less  than  I  had  expected  to  find,  especially  so  in  the  case  of  jet 
issuing  from  the  re-entrant  sharp  tube  (o). 

It  will  be  seen,  however,  that  with  o  there  was  less  retardation  of  the 
fluid  fillets  next  outside  of  jet  than  with  B,  and  the  reason  the  form  of 
jet  was  no  better  is  probably  that  there  was  a  disturbed  condition  or 
unstable  motion  within  the  jet  as  it  issued,  due  to  some  unstable  equilib- 
rium in  the  currents  approaching  the  orifice. 

It  is  of  interest  to  note  Ihat  with  the  uniform  acceleration  nozzle  E, 
Fig.  14,  the  influence  of  the  length  which  current  travels  within  nozzle 
after  raised  to  a  high  velocity  is  plainly  shown  in  the  curve  of  distribu- 
tion of  velocities  by  a  greater  retardation  near  side. 

On  the  other  hand,  the  velocity  close  to  outside  of  jet  from  the  trun- 
cated cone  nozzle  is  less  retarded  than  the  jet  from  any  other  form  of 
nozzle  tested,  except  the  ring  nozzles. 

That  the  observations  are  probably  accurate  is  indicated  by  the  close- 
ness with  which  the  observations  on  the  two  sides  of  center  agree. 

It  is  of  interest  to  compute  the  total  retardation  exhibited  by  one  of 
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TABLE  No,  13. 

DiSTRiBirTiON  or  Velocity  in  Jets,     li  Inch  Unifokm  Accelekation 

Nozzle  {E). 
(Sample  Sheet  of  Observations.) 


^ 

Distance  from 

Gauge  at  Base  of  Play-pipe. 

5 

a 

K 
a 

Center. 

Correction 

-                      1 

•3 

■g 

Observed 
Keading. 

(Ashcroft 
Gauge). 

Reading 

Corrected 

for  Gauge 

Error. 

Mean  Value 
for  Com- 
parison. 

Variation 

from  Mean 

Value. 

to  Mean 

Value   for 

Velocity 

past 

static 
Pressure. 

H      ! 

< 

Piezometer. 

r.M. 

Per  Cent. 

3    S7 

—  .00 

+  .011 

.019 

50.0 

49.5 

50.0 

1.0 

2.1 

52.1 

3    38 

—  .10 

—  .089 

.157 

50.0 

'< 

" 

" 

•  ' 

•  ' 

3    38 

—  .30 

—  .289 

.510 

50.0 

" 

•  ' 

'< 

•• 

'• 

3    39 

—  .35 

—  .339 

.598 

60.0 

" 

<< 

1' 

II 

•  ' 

3    40 

—  .37 

—  .359 

.633 

50.0 

" 

" 

<• 

'" 

3    42 

—  .39 

—  .379 

.668 

50.0 

" 

<• 

» 

" 

3    43 

—  .41 

—  .399 

.704 

50.0 

<< 

•  ' 

« 

•  1 

" 

3    43 

—  .43 

—  .419 

.739 

50.0 

" 

" 

" 

" 

" 

3    44 

—  .45 

—  .439 

.774 

50.0 

.< 

.. 

.1 

,. 

« 

3    45 

—  .47 

—  .459 

.blO 

50.0 

•  < 

'< 

.' 

•  1 

•  1 

3    4G 

—  .49 

—  .479 

.845 

50.0 

" 

•• 

•  • 

•I 

3    47 

—  .50 

—  .489 

.862 

50.0 

•  < 

■  ■ 

■  < 

II 

3    48 

—  .51 

—  .499 

.880 

50.0 

>' 

•< 

•  ' 

•  I 

" 

3     49 

—     52 

—  .509 

.898 

50.0 

•  1 

•  ' 

" 

•  I 

'■ 

3    50 

—  .53 

—  .519 

.915 

50.0 

•  ' 

" 

•  I 

•  ' 

3     51 

—  .54 

—  .5-29 

.933 

50.0 

<i 

'• 

•• 

II 

3     52 

—  .55 

—  .539 

.951 

50.0 

" 

" 

" 

" 

" 

3    53 

—  .56 

—  .549 

.968 

50.0 

<< 

« 

i< 

„ 

.1 

3     54 

—  .57 

—  .559 

.986 

50.0 

<< 

<< 

•« 

II 

•  • 

3     54 

—  .58 

—  .569 

1.004 

50.0 

<« 

'< 

•< 

■1 

■  ' 

3     55 

-  .69 

—  .579 

1.021 

50.0 

<> 

<< 

.1 

II 

.1 

3     57 

+  .00 

+  .011 

.019 

50.0 

" 

•' 

■I 

n 

•  ' 

3     58 

+  .10 

+  .111 

.196 

50,0 

" 

•  " 

•  I 

'• 

" 

3     59 

4-  .20 

+  .211 

.372 

50.1 

49.6 

•  ' 

0.8 

" 

" 

4     00 

+  .30 

+  .311 

.549 

50.0 

49.5 

" 

1.0 

•  1 

" 

4     01 

+  .35 

+  .361 

.637 

50.0 

" 

" 

" 

4     01 

+  .37 

+  .381 

.672 

50.0 

« 

., 

.. 

„ 

.1 

4    02 

+  .39 

+  .401 

.707 

50.0 

" 

•< 

•  ' 

•  i 

■  • 

4     02 

+  -41 

4-  .421 

.743 

50.0 

•  < 

<< 

II  * 

•  1 

" 

4     03 

+  .43 

+  .441 

.778 

50.0 

<< 

■  < 

1. 

II 

i< 

4     (i3 

+  .45 

+  .461 

.813 

50.0 

" 

<< 

•  1 

II 

1' 

4     04 

+  -i? 

-t-   .481 

.849 

50.0 

■  < 

•  ' 

•  I 

•  1 

•  1 

4     05 

+  .49 

+  .501 

.884 

50.0 

<< 

'< 

•1 

II 

II 

4     06 

+  .60 

+  .511 

.901 

50.0 

■  • 

•  I 

i< 

•  1 

II 

4    06 

+  .61 

+  .521 

.919 

50.0 

" 

" 

" 

" 

" 

4     07 

4-  .52 

+  .531 

.937 

50.0 

,. 

,, 

„ 

,, 

., 

4    08 

+  .53 

+   .541 

.9.54 

50.0 

•  « 

II 

•  1 

.1 

II 

4     08 

+  .64 

4-   .551 

.972 

50.0 

<< 

•  I 

II 

II 

II 

4     09 

+  .55 

+   .661 

.990 

50.0 

II 

<i 

.1 

II 

4     10 

+  .56 

+   .571 

1.1107 

60.0 

■  < 

<i 

•  1 

II 

.1 

4     11 

+  .57 

+   .581 

1.025 

50.0 

<« 

II 

II 

II 

II 

1     12 

+  .58 

+  .691 

1.043 

50.0 

" 

•1 

•  1 

II 

II 

4     U 

+  .69 

4-  .601 

1.060 

50.0 

" 

" 

" 

*• 

" 

Diameter  of  orifice,  1.133  Inches. 


radius,  0.667  inch. 
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TABLE  No.  13— {CunduKed), 


Gauge  at 

Base  of 

Gauge  Connected  to  Velocity  Instrument. 

Play-pipe. 

Velocity 
Corre- 
sponding 

Observed 

Corrected  Pressure  on 

Ratio  to 

Reading. 

Correction 

Instrument. 

Velocity  at 

' 

Correction 

for  Varia- 

Corre- 

Center, 

(Crosby 
Gauge 
No.  2.) 

for  Gauge 

tion  of 

sponding 

87.28. 

to 

Static 
Pressure. 

Error. 

Pressure 
from  Mean 

Pounds. 

Feet. 

Velocity. 

87.97 

50.1 

+  0.6 

+  0.5 

51.2 

118.2 

87.20 

.9!  91 

'• 

50.1 

" 

4-0.5 

51.2 

118.2 

87.20 

.9991 

" 

50.0 

•' 

+  0.5 

51.1 

118.0 

87.12 

.9982 

" 

50.0 

" 

+  0.5 

51.1 

118.0 

87.12 

.9982 

" 

50.0 

•' 

+  0.5 

51.1 

118.0 

87.12 

.9982 

•« 

50.0 

•' 

+  0.5 

51.1 

118.0 

87.12 

.9982 

" 

50.0 

•• 

+  0.5 

51.1 

118.0 

87.12 

.9982 

" 

50.0 

" 

+  0.5 

51.1 

118.0 

87.12 

.9982 

.. 

49.9 

.< 

+  0.5 

51.0 

117.8 

87.05 

.9974 

'• 

49.6 

" 

-j-0.5 

50.7 

117.1 

86.78 

.9943 

<• 

49.0 

" 

+  0.5 

50.1 

115.7 

86.27 

.9884 

" 

48.5 

" 

+  0.5 

49.6 

114.5 

85.82 

.9833 

•• 

47.0 

" 

+  0.5 

48.1 

111.1 

84.54 

.9686 

•' 

46.0 

" 

+  0.6 

47.1 

108.8 

83.62 

.9581 

'« 

43.9 

" 

+  0.4 

44.9 

103.7 

81.63 

.9353 

<« 

42.0 

<< 

+  0.4 

43.0 

99.3 

79.92 

.9157 

" 

39.0 

+  0.3 

+  0.4 

39.7 

91.7 

76.80 

.8799 

.< 

33.5 

+  0.1 

+  0.3 

33.9 

78.3 

71.97 

.8246 

<< 

30.0 

+  0.1 

+  0.3 

30.4 

70.2 

67.20 

.7699 

■  ' 

23.0 

+  0.1 

+  0.2 

23.3 

53.8 

(58.83) 

* 

" 

18.0 

0 

+  0.2 

18.2 

42.0 

(51.98) 

* 

•• 

60.5 

+  0.6 

+  0.5 

51.6 

119.1 

87.53 

1.0029 

•  • 

50.1 

" 

+  0.5 

51.2 

118.2 

87.20 

.9991 

" 

50.5 

" 

+  0.5 

51.6 

119.1 

87.53 

1.0029 

•  • 

50.5 

" 

+  0.5 

51.6 

119.1 

87.53 

1.0029 

" 

50.0 

" 

+  0.5 

51.1 

118.0 

87.12 

.9982 

« 

50.0 

.. 

+  0.5 

51.1 

118.0 

87.12 

-.9982 

•< 

50.0 

■' 

+  0.5 

51.1 

118.0 

87.12 

.9982 

" 

50.0 

'< 

+  0.5 

51.1 

118.0 

87.12 

.9982 

•• 

50.0 

" 

+  0.6 

51.1 

118.0 

87.12 

.9982 

" 

49.5 

" 

+  0.5     • 

50.6 

116.8 

86.68 

.9931 

<< 

48.9 

•' 

+  05 

60.0 

115.6 

86.19 

.9875 

'« 

47.0 

" 

+  0.5 

48.1 

111.1 

84.54 

.9686 

" 

45.5 

" 

+  0.6 

46.6 

107.6 

83.19 

.9531 

" 

43.5 

" 

+  0.4 

44.5 

102.7 

81.28 

.9313 

.. 

41.0 

.. 

+  0.4 

42.0 

97.0 

78.99 

.9050 

" 

38.0 

+  0.3 

+  0.4 

38.7 

89.4 

75.83 

.8fi88 

•  • 

33.9 

+  0.1 

+  0.3 

34.3 

79.2 

71.38 

.8178 

" 

28.9 

+  0.1 

+  0.3 

29.3 

67.7 

65.99 

.7fi61 

" 

25.3 

+  0.1 

+  0.3 

25.7 

59.3 

(61.76) 

* 

" 

19.0 

0 

+  0.2 

19.2 

44.3 

(53.38) 

* 

" 

13.0 

0 

+  0.1 

13.1 

30.3 

(44.15) 

* 

5.0 

0 

+  0.1 

5.1 

11.8 

(27.55) 

* 

Add  .011  to  scale  reading  to  get  distance  from  center. 
*  Possibly  point  was  not  fully  immersed  in  jet  all  the  time. 
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the  curves  of  Fig.  62,  and  thus  by  this  method  obtain  a  value  for  the 
co-efficient  of  discharge  of  that  nozzle. 

Take  the  curve  for  nozzle  E,  as  that  hajspens  to  be  the  one  for  which 
the  full  notes  are  given. 

Integrating  the  total  retardation  by  dividing  the  whole  cross-sec- 
tion into  concentric  rings,  we  deduce  as  follows : 


Outer  Radius  of 

Proportional 

Per  Cent,  which 

Per  Cent,  by 

Ring. 

Width  of  Ring. 

Area  of  Ring  to 
Area  of  Whole 

Velocity  in  Ring 
is  Less  than  Ve- 

which     Retarda- 
t  i  0  n      Reduces 

(Proportional.) 

Circle. 

locity  at  Center. 

Whole  Discharge. 

.65 

.3025 

.3025 

0 

0 

.65 

.4225 

.1200 

.002 

.0002 

.75 

.5625 

.1400 

.002 

.00U3 

.80 

.6400 

.0775 

.003 

.0002 

.85 

.7225 

.0825 

.008 

.0007 

.90 

.8100 

.0875 

.025 

.0022 

.925 

.8556 

.0456 

.062 

.0028 

.95 

.9025 

.0469 

.095 

.0045 

.975 

.9.006 

.0481 

.159 

.0077 

1.00 

1.0000 

.0494 

.232 

.0115 

Total 

.0301 

This  is  proportional  retardation  of  whole  stream. 

Therefore  whole  volume  of  water  discharged  averages  flowing  with 
0.970  of  the  velocity  at  center,  or  if  velocity  at  center  is  equal  to  the 
theoretical  velocity  due  to  the  head,  as  supposed  on  page  415,  then  we 
have  co-efficient  of  discharge  =  .970,  while  co-efficient  actually  found  by 
measurement  in  tank  was  .971. 

0.77 
The  velocity  at  center  was  found  to  be  =  .009  less  for  this  par- 

ticular  nozzle,  however,  than  velocity  due  to  head  measured  at  base  of 
play-jiipe,  which  difference  may  have  been  in  part  due  to  slight  error  in 
gauge  at  base  of  play-pipe. 

Thus  we  see  it  established  that  co-efficient  of  our  instrument  for 
measuring  velocity  is  1.00  within  less  than  1  jjer  cent,  and  very  likely 
within  less  than  i  of  1  per  cent. 

A  more  delicate  instrument  than  this  modification  of  Pitot's  tube  for 
measuring  very  higli  velocities  in  water  can  hardly  be  desired. 

In  closing  the  account  of  these  experiments  it  is  but  proper  that  the 
writer  should  record  his  apprec-iation  of  the  painstaking  care  and  great 
interest  shown  in  all  this  work  by  his  assistants,  Mr.  H.  P.  Barr  and 
Mr.  Benjamin  G.  Buttolph. 
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PHACTioAii  Tables. 

That  experiments  like  tlie  foregoing  must  he  reduced  to  form  con- 
venient for  practical  use  before  they  can  be  of  miicb,  if  any,  value  to 
the  profession  at  large,  is  illustrated  by  the  poj^ularity  of  the  handy 
Ellis  tables,  already  referred  to,  and  their  frequent  repetition  in  the 
note-books  published  by  pump  makers,  etc. ;  while  the  more  accurate 
though  far  less  convenient  formulas  for  discharge  of  nozzles  presented 
by  Mr.  Weston,  in  his  paper  before  this  Society,  have  been  much  less 
used.  The  writer,  therefore,  in  the  effort  to  make  his  results  as  useful 
as  possible,  has  prepared  the  following  tables  giving  the  practical  re- 
sults of  his  experiments. 

Notes  on  the  Tables  for  Practical  Use. 

Table  A,  pages  422  to  441.— This  is  the  most  complete  of  the  tallies 
given  relative  to  fire  streams;  but  it  is  not  in  quite  so  convenient  form, 
however,  for  the  regular  use  of  an  insurance  inspector,  mill  superin- 
tendent or  fire  engineer  in  testing  the  capacity  of  a  fire  pump  or  the 
delivery  from  water  works  as  Table  B,  pages  444  to  447,  which  has  been 
prepared  for  that  sjiecial  purpose. 

It  will  be  noted  that  in  the  first  column  the  pressure  is  called 
"  indicated  pressure,"  meaning  by  this  that  it  was  the  pressure  which 
gauge  attached  to  a  proper  i^iezometer  on  a  hose  or  pipe  2J  inches  in 
diameter  would  indicate  while  the  stream  was  flowing.  Nearly,  if  not 
all,  other  authors  have  based  their  tables  upon  the  hydrostatic  pressure, 
which,  of  course,  equals  the  indicated  j^ressure  plus  an  allowance  for 
mean  velocity  of  current  past  piezometer.  Thus,  for  instance,  the  indi- 
cated pressure  of  50  pounds,  givea  in  the  bold  type  of  the  first  column 
of  following  table  for  1^-inch  smooth  nozzle,  corresponds  to  an 
eflfec'tive  pressure  of  52.1  pounds  as  given  by  Ellis,  Weston  or  Box.  I 
adopted  the  indicated  pressure  as  the  main  basis  of  the  table  because 
of  its  greater  convenience  for  use  by  the  practical  fire  engineer  or 
mechanic.  The  hydrostatic  pressure  is,  of  course,  the  more  scientific 
unit,  and  therefore  this  also  is  given  in  finer  type  in  the  second  column 
of  table. 

The  third  and  fifth  columns  of  Table  A  give  the  maximum  limit  of 
height  and  distance  as  a  "good  efifective  fire  stream."  For  very  favor- 
able conditions  with  still  air  the  stream  would  be  in  condition  to  do 
very  fair  execution   at  a  considerably  greater  distance,  as  implied  in 


420  FREEMAN   ON   HYDRAULICS   OF   FIRE   STREAMS. 

notes  in  margin  of- column  ;  but  in  fixing  this  limit  as  a  good  effective 
stream  it  was  intended  that  the  figure  given  should  be  low  enough  so 
that  it  could  be  safely  relied  upon  as  a  good  stiff  stream  out  to  this  point 
under  almost  any  practical  conditions — such,  for  instance,  as  when  a 
fresh  breeze  was  blowing. 

As  already  stated  (page  378)  I  classed  as  "  good  "  a  stream  which,  at 
the  limit  named,  would  enter  through  a  window  and  barely  strike  ceiling 
of  room  with  force  enough  to  spatter  well,  and  which  at  this  limit  named 
had  not  lost  its  continuity  and  solidity  of  stream  by  dividing  into  a  mere 
shower  of  spray.  In  fixing  this  extreme  horizontal  distance  reached  by 
a  jet  as  a  good  effective  fire  stream,  the  jet  itself  is  not  supposed  to  be 
horizontal,  but  inclined  upward  an  ordinary  working  angle  of  about  30 
to  45  degrees.  In  other  words,  with,  for  instance,  a  Ig-inch  nozzle  and 
with  pressure  at  nozzle  of  40  pounds,  the  stream  would  reach,  in  excel- 
lent condition,  a  third-story  window  of  a  building  59  feet  distant  from 
end  of  nozzle. 

The  Jet  Diagram,  Fig.  63,  gives  tiiis  information  as  to 
reach  of  Is-inch  jet  in  very  convenient  form. 

As  to  number  of  gallons  per  minute  discharged,  this  quantity  as  given 
in  the  table  is  probably  exactly  correct  within  less  than  a  single  gallon  for 
the  exact  size  and  pressure  stated.  Keference  to  the  previous  description 
in  detail  may  be  had  as  showing  that  with  any  ordinary  varieties  of  smooth 
form  of  taper  or  finish  of  nozzle  or  play-pipe  the  variation  in  form  or 
finish  will  lead  to  no  error  of  practical  importance;  but  it  must  be  borne 
in  mind  that  a  difference  of  -riir  of  an  inch  in  diameter  of  orifice  of 
nozzle  makes  a  little  more  than  2  per  cent,  difference  in  its  discharge. 
In  computing  this  part  of  table  the  value  assumed  for  co-efScient  dis- 
charge was  0.97i. 

There  is*  a  great  difference  in  the  conducting  quality  of  different 
kinds  of  hose,  even  of  the  same  size  (see  Fig.  47),  and  therefore  there 
are  given  in  each  table  values  for  pressure  required  at  hydrant  or  steam 
fire  engine  corresponding  to  each  of  three  different  kinds  of  hose,  these 
values  covering  about  the  whole  range  ordinarily  met  in  practice.  The 
two  varieties  of  rubber  hose  referred  to  in  the  tables  are  respectively  the 
roughest  and  the  smoothest,  or  the  best  and  the  poorest  in  conducting 
power  which  are  usually  met  in  practice,  and  are  the  same  as  shown  in 
D  and  K,  Fig.  47.  Intermediate  values  can  be  readily  interpolated 
for  other  grades  of  hose  between  those  given  in  the  table.     The  values 
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for  hydrant  pressure  given  in  the  table  include  au  allowance  for  the 
ordinary  crookedness  of  lines  of  hose,  and  an  allowance  also  for  the 
effect  upon  friction  loss  in  the  hose  of  the  ordinary  slight  excess  of  the 
commercial  over  the  nominal  diameter.  As  a  basis  for  computing  in  these 
tables  the  jiressure  lost  in  going  through  hose,  the  following  values 
■were  adopted  for  pounds  pressure  lost  per  100  feet  of  hose  with  240 
gallons  per  minute  flowing. 

For  linen  hoso,  2h  inch.  nom.  diam.,  30.0  pounds  per  100  feet. 

Inferior,      2^     "     rubber  lined  hose,  26.0  "  " 

Best,  2i     "  "  "         "      13.0  "  " 

These  vahies  include  allowance  for  ordinary  curves  and  for  ordinary 
slight  excess  of  actual  over  nominal  diameter. 

The  loss  of  pressure  was  assumed  to  vary  directly  as  the  square  of 
the  quantity;  a  hypothesis  shown  admissible  by  a  comparison  of  the 
dotted  lines  with  the  full  lines  in  Fig.  48. 

There  is  also  included  an  allowance  for  the  small  loss  of  jsressure  in 
head  of  hydrant  where  water  enters  the  hose.  This,  in  computing  table, 
was  assumed  to  be  double  the  theoretical  head  necessary  to  produce  this 
volocity  in  a  2^-inch  coupling ;  this  being  the  ratio  actually  found  by 
the  writer  in  a  series  of  experiments  upon  a  Chapman  Valve  Co.'s  inde- 
pendent gate  hydrant. 

Thus  the  hydrant  pressures  in  the  twenty-seven  columns  at  the  right- 
hand  side  of  each  sheet  of  Table  A  are  those  which  would  be  found  by 
a  gauge  attached  as  shown  in  sketch  on  Table  B, 
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34-INCH   SMOOTH 

This  Table  may  also  be 

Hydrant  Pressure  Required —  Discharge 
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80  pounils  per  S'luiire  inch  i.s  now  considered  he.^t  hvdnint  pressure  for  genonil  use  ; 

1110  lbs.  per  8(1.  in.  .sliould  not  lie  exceeded,  except  occasionally  for  very    high 

Imihlings,  or  lengths  of  Hose  exceeding  :?0()  feet. 
If  nozzle  is  much  higher  or  lower  than  liydrant,  allowjince  for  difference  of  level  must 

be  made  on  hydrant  pressure  (10  feet  in  height  corresponds  to  4.33  lbs.  water 

pressure). 
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1\if)'7'7  \     FT          /ThU  size  of  Nozzle  plvea  too  small  a  body  of  waters  TABLEA. — No.1 

V             lor  exlltiKiiisliim;  a  fire  of  much  size.              /  /  FrnmeTneriinentiorx 

used  for  '!8-inch  Ring  Nozzle.  (,j.r.  FKEEMiN.isBS-/ 

—  Height  and    Distance   of  Jet. 
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TAKE  NOTICE.  —  The  aliove  is  pressure  at  hydrant  head  ivhile  streatn  if^-floiriiift. 
The  corresj)ondiii}r  Static  Reservoir  Pressure,  or  Fire-immp  I'ressure,  must  ba 

greater  than  liydrant  pressure  by  an  amount  equal  to  friction  loss  betwc«a 
ydraut-head  and  pump  or  reservoir. 


%s. 
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%-INCH   SMOOTH 

This  Table  may  also  be 
Hydrant  Pressure  Required —  Discharge 
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80  poiiiiils  ptTS'iuare  inch  i.s  now  ronsidercd  borJt  livdnant  pressure  for  gon»M-al  use  ; 

KM)  lbs.  jier  sq.  in.  .sliould  not  lie  exceeded,  except  occasioually  for  very    high 

hiiildinjrs,  or  leiijiths  of  Hose  exeeediiit;  ;iOO  feet. 
If  noz/.le  is  niuili  higher  or  lower  than  hydrant,  allowance  for  difference  of  level  must 

he  made  on  hydrant  preasuro  (10  feet  in  height  corresponds  to  4.3J  lbs.  water 

pressure). 
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NOZZLE. 

used  for  1-inch  Ring  Nozzle. 

—  Height   and    Distance    of   Jet. 


Table  A.-  No.  2. 

/  Frnmexperimenttof\ 
VJ.R.  Febki«an,1s88./ 
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TAKE  NOTICE.  —  The  above  is  pressure  at  hydrant  head  irJiile  st renin  is  ffoiriiitj- 
The  corresponding  Static  Reservoir  Pressure,  or  Fire-pump  I'lessiire,  must   be 

freater  than  hyilrant  pressure  by  an  amount  equal  to  friction  loss  betweea 
ydrant-head  and  pump  or  reservoir. 
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FREEMAN   OX   HYDRAULICS   OF    FIRE   STREAMS. 


1-INCH    SMOOTH 
Hydrant  Pressure  Required —  Discharge 
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80  poiiiKls  por  square  incli  i.s  now  con.siilerpd  best  hydrant  pre.ssure  for  general  use  ; 

loo  lbs.  i)er  .s(].  ill.  slioiikl  not  be  excoodoil,  except  occasionally  for  very   liijjh 

biiildinfrs,  or  lenptlis  of  Hose  e.xceeding  ;<00  feet. 
If  nozzle  is  niueli  lurcher  or  lower  than  hydrant,  uUowimce  for  difference  of  level  must 

bo  made  on  hydrant  pressure  (10  feet  iu  height  corresponds  to  4.33  lbs.  water 

pressure). 
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NOZZLE. 

—  Height   and    Distance   of  Jet. 


TableA.-no.3. 

/I-rnmexperin,ent.of\ 
U.K-Fkeeman.ISsn.; 
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TAKE  NOTICE.  —  The  above  is  pressure  at  hydrant  head  irhile  stream  is  floiring. 
Tlie  corresponding  .Static  Reservoir  Pressure,  or  Fire-jninip  I'ressure,  must  bo 
g:reater  than  hydrant  pressure  by  an  amount  equal  to  friction  loss  between 
hydrant-head  and  pump  or  reservoir. 
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FREEMAN"   ON   HYDRAULICS   OF   FIRE   STREAMS. 


U/^-INCH   SMOOTH 

Hydrant  Pressure  Required  — Discharge 
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80  pounds  jiprsquiiro  Inch  is  now  considered  best  hydrant  jiressnre  for  general  use  ; 

loo  lbs.  per  sq.  in.  should  not  bo  e.\.-eeded,  except  occasiuiially  for  very  high 

buddiiifis.  <ir  lenfrths  of  Hose  exceeding  iieio  feet. 
If  no/./.l.'  is  much  higher  or  lower  than  hydrant,  allowimce  for  difference  of  level  niu't 

be  niado  on  hydrant  pressure  (10  feet  in  height  corresponds  to  4.33  lbs.  water 

pressure). 
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T\3  r^'7'7\     C         /This  l3  thB  8i7.(>  prcferreil  for\ 
lNW^^-1— C      ^^         general  c.iitsidL- uae.        / 

—  Height  and    Distance   of  Jet. 


Table  A.— No. 4. 

/  Frnnieiperimenttof  \ 

^^J.R.  FllKEMAN.lSiiS./ 
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..  .I278'i63 

... 

192 

164  150  102 

201 

181 

118 

2381213 

134 

274245  150 

...    ....I181 

.... 

213 

181  165  112 

221 

200 

130 

262  235 

147 

....'270,165 

200 

235 

197  180  122 

241 

218 

141 

....  256 

160 

....  ....:i8o 

'218 

256 

214195 

132 

261 

236 

•53 

174 

195 

236 

230209 

143 

254 

•65 

1S7 



209 

254 

246  224 
263239 

I^^ 

177 
188 

'201 

224 
239 

163 

.... 

... 

214 

1 

■ 

1 
....  254  173 

200 

227 

254 

i«3 

212 

-41 

194 

204 

..     224 
2'J6 

254 

...! 

;      1 
1 

TAKE   NOTICE.  —  The  above  is  pressure  at  hydrant  liead  while  stream  is  floirina. 
Tlie  corre.sjioiidiiip  Static  Reservoir  I'ressure,  or  Fire-pump  I'ressure,  imi.st  be 

greater  tlian  hytlrant  pressure  by  an  amount  equal  to  friction  loss  betweea 
ydrant-head  and  pump  or  reservoir. 
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II/4-INCH   SMOOTH 

Hydrant  Pressure  Required  — Discharge 


INDICATED 

1 

w 

Extreme 

Height  of 

Jet. 

Extreme 
Horizontal 

Distance 

reached  by 

Jet. 

-6 

a> 
hi) 

nJ 

.s: 
•  u 

Q 

0) 

C 

is 

0) 
Q. 
u> 
c 
_o 

15 
0 

Pour 
Len 

ds    Pressu 
jth  50  ft. 

re    Required   a 
lirst  CO 

Length  100  ft. 

Hydrant    (01 
umii,  tlirough 

Length  200  ft. 

PRESSURE 

by  OaiiKe   at- 
tached 

at  Base 
of  Play-Pipe, 

and  set    level 
with    End    <jl 
Nozzle. 

1 

0"= 

>> 
■< 

Of 

S 

< 

|| 
j  > 

n  iZ  1; 

-  uj  .; 

-  0  — 

■^    0  .t:: 
.C5. 

B 
•3 

IP 

11 
s'= 

.c  0 

£:•« 

ce-3 

II 
0 

i 

a 

= 

a 

5  3 
TJ.2 

IJ 

"a 
IP 

2 
1 

5 

C    3 

.n:: 

1? 

If 

Km 

V. 

0" 

lbs. 

lbs. 

It. 

It. 

ft. 

ft. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

1            5 

5.3 

II 

19 

fcc  '  ■  * 

105 

8 

8 

7 

II 

II 

8 

17 

15 

II 

5     10. 

10.6 

22 

1,  19 

40 

5  22 

148 

17 

16 

14 

23 

21 

16 

34 

31 

21 

J      15. 

15.9 

33 

":   28 

62 

^32 

181 

25 

24 

21 

34 

32 

24 

51 

47 

32 

I     20. 

44 

i   37 

S3 

No 

209 

34 

32I  27 

45 

42 

32 

68 
85 

62 

77 

42 

■^  1  25. 

Oo.S 

55 

1  46 

103 

1.47 

234 

42 

40 

34 

57 

53 

40 

53 

i  =^  I  30. 

.31.8 

66 

:    53 

"9 

:  54 

256 

51 

49 

41 

68 

63 

49 

102 

93 

63 

1   .35. 

37.1 

76 

1    60 

134 

1  59 

277 

59 

57 

48 

79 

74 

57 

119 

109 

74 

'^  1     40, 

4e.4 

S6 

.2   67 

148 

.i  63 

296 
314 

68 

76 

65 
73 

55 
62 

91 

84I  65 

136 

124 

84 

t     U5. 

47.8 

97 

=;,  72 

'59 

I  67 

102   95    73 

153 

140 

95 

2  ^     50. 

0  '^  -^  55. 

63.1 

107 

^   77 

169 

g  70 

331 

85 

8i 

68 

113  106    Si 

170 

155 

106 

53.4 

117 

i^   81 

1 78 

..  73 

347 

93 

89 

75 

124 

116    89 

187 

170 

116 

£  1  60. 

63.7 

126 

«   85 

1 86 

«76 

363 
377 

102 

97 

82 

136 

127    97 

204 

186 

127 

«  1     65. 
1  $^  70. 

69.0 

133 

1   B8 

'93 

1  79 

no 

•05 

89 

147 

137  105 

221  201  137 

74.3 

140 

;  91 

200 

;  81 

392 

118 

113 

96 

158 

148  113 

238217  14S 

5  li  75. 

79.6 

MS 

*   93 

207 

f  83 

405 

127 

121 

103 

170 

158  121 

255  232 

158 

rif  80. 

84.9 

150 

a  95 

213 

:§  85 

419 
432 

135  129 

no 

181 

169  129 

....  248 

169 

^1|  85. 

90.2 

'54 

s  97 

2ig 

5  88 

144  137 

116 

192 

179 

137 

263 

179 

«  :i  90. 

95.5 

'57 

1   99 

225 

5  90 

444 

152  145 

123 

204 

190 

145 

190 

i  1     95. 

100.8 

'59 

1^100 

23' 

R  92 

456 

J6i  154 

130 

215  201 

IS4 

. . . . ' 20 1 

=  §  100. 

106.1 

'6'        101 

^i(^ 

93 

468 

169  162  137 

226*211 

162 

....211 

80  pouiiils  per  s(]u:iie  inch  is  now  considered  best  hydrant  pressure  for  general  use; 

loo  lbs.  per  .sq.  ill.  should  not  be  exceeded,  except  occasionally  for  very    liioh 

buildintrs,  or  len-jths  of  Hose  exceeding  'MH)  feet. 
If  nozzle  is  luucli  higlier  or  lower  tlian  hydrant,  allowance  for  difference  of  level  must 

bo  made  on  hydrant  pressure  (10  feet  in  height  corresponds  to  4.33  lbs.  water 

pressure). 
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NC\'7'7]     C"       /This  size  Is  well  Adapted  for  serious  fires  where  water\     TABLE  A. —  No.  5 
W^^l— <!-<•     (^        supply  13  ample  ami  line  of  hoso  not  too  loug.         '       /  v  '      .     'f\' 

-Height  and   Distance  of  Jet.  (j.^frX^n^w*.) 


Steaniei)  while  streani  is  flowinjr,  to  maintain  pressure  at  base  of  play-pipe,  as  per 
various  lenjitlis  ami  kinds  of  iJi/a-'i'L'li  Hose,  as  below. 


Length  300  ft. 

Length  400  ft. 

Length  500  ft. 

Length  600  ft. 

Length  800  ft. 

L'gth.  1000  ft. 

i 

c 

c 
c 

§■5 
=  1 

II 

>.ID 

•-3 
Z~\ 

0" 

c 
1^ 

li 

e  = 
o3 

Vi 

a' 

a3*^ 

li 

0 

1 

—  V. 

1  = 

e 

■3 
c 

•9'. 

It 
0" 

0  to 

|i 

a' 

^5 

ft 

a 
"a 

-55  |i 

_  s  :  sStn 

,  =  ^a 

5=:  ■  S-3 
If-   II 

lbs. 

lbs. 

lbs. 

lbs. 

"lbs. 

lbs. 

lbs. 

lbs.  lbs. 

lbs. 

lbs. 

lbs. 

lbs.  lbs. 

lbs. 

lbs.  lbs. 

lbs. 

23 

20 

13 

28 

25 

15 

34 

30,  18 

40 

35 

20 

51  45|  25 

63  55 

30 

46 

41 

26 

57 

51 

31 

68 

61 

36 

80 

71 

41 

103  90  51 

125  no 

61 

68 

61 

39 

85 

76 

47 

I02 

91 

54 

120 

106 

61 

154,136 

76 

188:165 

91 

91 

82 

52 

114 

102 

62 

137 

T2I   72 

159 
199 

141 
176 

82 
102 

205  181 

lOI 

251  220 

121 

114 

102 

65 

142 

127 

77 

171 

152 

90 

256 

226 

127 

275 

152 

136 

123 

78 

171 

152 

93 

205 

182 

108 

239 

212 

123 

271 

152 

.... 

182 

159 

143 

91 

199 

178  109 

259  212:126 

279 

247 

142 

178 

212 

182 

164 

104 

227 
256 

203124 

273,243144 

283 

164 

203 

245 

205  184 
227  204 
249225 

117 
130 
143 

229 
254 

140 

155 
170 

273 

i6'> 

184 
204 
225 

229 

254 

iSn 

198 

.-..I245 

156 

186 

216 

245 

266  Tfio 

201 

....  234 
2^2 

tS-* 

217 
232 

195 

1 

208 

248 

' 



221 

....247 
....  261 

' 

TAKE  NOTICE.  —  The  above  is  pressure  at  hydrant  head  wliiJe  stream  is  floifittg. 
The  correspondinfc  Static  Reservoir  Pressure,  or  Fire-pump  Pressure,  must  be 
jireater  than  hydrant  pressure  by  an  amount  equal  to  friction  loss  betweea 
hydBant-head  and  pump  or  reservoir. 
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13g_iNCH    SMOOTH 
Hydrant  Pressure  Required —  Discharge 


1 

Extreme 

■0 

Pounds    Pressure    Required   at 

Hydrant   (or 

Height  of 
Jet. 

Horizontal 

Distance 

reached  by 

Jet. 

b/1 

.x: 
u 

Q 

is 

•    lirst  column,  through 

INDICATED 

Length  50  ft.  | 

Length  100ft.| 

Length  200  ft. 

PRESSURE 

by  Gauge   at- 
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of  Play-Pipe, 

3. 

1= 

«   1 

•i  s 
a  el 
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5  CO 

0 

ij 

C    3 

■2  2 
Km 

•-3 

5 
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ij 

2"T 

1 

11 

Km 

=  3 

and  set  level 

CO 

v^ 

J  s  fe 

-,    ^  r; 

Cl 

§    =si 

s  » 

c 

*  s 

2 

c  g 

with    End    of 
Nozzle. 

2i 

fe3 

1 1 

^  0 — 

c 
_0 

15 

■3 

c 
a 

|3 

1-3 

•3 

.9 
■3 

s5 
5? 

>.3 

S-3 

—  s 

-3 

1? 

< 

ft. 

<" 

a 

0 

lbs. 

lbs. 

0 
lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs.     1    f- 

ft. 

ft. 

lbs. 

i      5. 

.5.5 

.. 

19 

i^  •  ■  • 

128 

10 

10 

8 

15 

13 

10 

23 

21 

13 

1      10. 

)0.9 

23 

1.  20 

41 

5  23 

182 

20 

19      16 

29 

27 

19 

46     42 

27 

1      15. 

16.4 

34 

^,   29 

63 

'■^.33 

222 

31 

29     23 

44 

40 

29 

69.    62 

40 

I     20. 

21.3 

45 

i   38 

85 

§42 

257 
287 

41 

39    31 

5s;  53 

39 

92!    83 

53 

i  1  25. 

.:.. 

56 

1.  47 

106 

1.49 

51 

48 

39 

73  67 

48 

"5 

104 

67 

i  "  I  30. 

S2.7 

67 

S   55 

123 

:  56 

315 

61 

58 

47 

87'  80 

58 

139 

125 

80 

1   .  [  35. 

:i8.2 

78 

i   62 

•38 

|62 

340 

71 

67 

54 

102  94 

67 

162 

146 

94 

CO      : 

40. 

43.7 

89 

I   69 

152 

.2  66 

363 
385 

82 

77 

62 

116:107 

77 

185 

166 

107 

45. 

i9A 

100 

^-   74 

.64 

'■^  70 

92 

87 

70 

131 120 

87 

208 

187 

120 

«     ^• 

50. 

54.6 

III 

;  S   79 

"75 

3  73 

406 

102 

96 

78 

145 134 

96 

231 

208 
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o    g 

55. 

1      60.0 

121 

^   83 

.84 

"76 
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112 
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86 

160 147 
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254 

229 
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si 

60. 

65.5 

13^ 

=   87 
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«79 
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93 

174 160 
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■•    -1250 
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-  =     65. 

«8 1  3  on 

«  82 

4n3 
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I2t;    TOT 
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1  h  70- 

76.4 
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;   92 
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^ri  75. 

S1.9 
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2   95 
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S86 
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'53 
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218I200 

:i45 
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bo  t.5 

o  ■:::i 

05    |f 

80. 

87.3 

154 

B   97 

220 

B  88 

514 
529 

'63 

154  124 

2321214 

154 

HZ 

.... 

214 

85. 

92.8 

.58 

H   99 

226 

£  90 

174 

'164]  132 

2471227I164 

1227 

1  fl  90. 

98.2 

161 

|ioc 

232 

.=  92 

545 

1S4  173  140 

261 

240173 

'240 

1  r  95. 

103.7 

163 

slOl 

238 

^.94 

560    194  183  148 

254 

i^z 
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=  =  inn. 

109.1 

•6s 

lOE 

243 

96 

574     ''O.i  io-!iii:fi 

193 

1 

-'•.' 

80  pounila  per  s<]U!ire  inch  is  now  coiisi<ler(>(l  best  hydrant  pressure  for  general  ii.sf  ; 

100  lbs.  per  sq.  in.  slioiild  ncit  lie  e.\<-ec(le(l,  except  occasionally  for  very   high 

Imildiiifis,  or  lengths  of  Hose  exceeding  300  feet. 
If  nozzle  is  niucli  higher  or  lower  than  liy<lrant,  allowance  for  difference  of  level  must 

he  made  on  hydrant  pressure  (10  "feet  iu  height  corresponds  to  4.33  lbs.  water 

i)ressure). 
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NOZZLE. 

—  Height   and    Distance   of  Jet. 


TableA.-no.6. 

(From  experiments  of  \ 
J.  R.  Fbseman,  ISm./ 


Steamer"!  ■while  stream 
■various  lengths  autl  kin 

is  flowing 
els  of  21.2 

to  maintain 
-inch  Hose,  as 

sresf 
bel 

lire 

)W. 

it  base   of  play-pipe,  aa 

per 

Length  300  ft. 

Length  400  ft. 

Length  500  ft. 

Length  600  ft.  | 

Length  800  ft.  | 

L'gth.  1000ft. 

IHI 

g     '55:12 
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63    56!  34 
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g 

5 
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a 
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98 
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lOI 
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s  5 
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0" 
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"3 

c 
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lbs. 

74 
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224 
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__« 
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•2  X 
—  K 

o" 

lbs. 

36 
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1 

lbs. 

92 

X84 
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;J 

0" 
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II 

J7 

|3 
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■'•3 
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173 

158  141    85 
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222  198  120 
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244  216  123 
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........  172 

....|....  196 
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:: i'! 

;25o 
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282  "^(^  l^^ 

.... 

1 
1 

....166 

1       1 
....  254'i54 

.-|....;,7, 

'          188 
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1        ,., 

•••■  ••••,^4 

1 
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1 

1 

1       ! 

! 

....'....'205 

1 
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...  1. 

1 

...   ^   . 

"" 

1 

1 

1 

i       1 

1 

1 

■••| 

1 

1 
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r 

1         1 

1 

1       1 

1 

1 
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■ 

1... 

1         1 

1 

1 

'                   ' 

TAKE  XOTICE.  —  The  above  is  pressure  at  hydrant  head  ti-hile  stream  is  fiowinfj. 

The  correspondinc;  Static  Reservoir  Pressure,  or  Fire-pump  Pressure,  must  be 

freater  than  hydrant  pressure  by  an  amount  equal  to  friction  loss  between, 
ydraut-head  and  pump  or  reservoir. 
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Ring  Nozzles. 
Although  it  was  conclusively  proved  by  the  experiments  described 
above  that  the  ring  nozzle  does  not  possess  the  slightest  advantage 
over  the  smooth  nozzle,  yet,  so  many  ring  nozzles  are  in  use  that  it  was 


Smoetli  Xo?Kle  Standard 
iorm. 


Ordinary     Square 
Nozzle. 


Ring 


than  oririae- 


Undercut  or  Knife  Edge 
Eing  Nozzle. 


Fig.  59. — Eing  Nozzles. 


thought  best  to  prepare  tables  giving  their  discharge.  Drawings  of  the 
three  kinds  of  nozzles  are  repeated  above  for  ready  reference.  The 
experiments  ])reviously  described  (see  i^age  334)  show  that  the  ring 
nozzle  discharg*  H  only  three-foiirths  as  much  water  per  minute  as  the 
smooth  nozzle  of  the  same  size,  and  if  any  one  will  measure  the 
diameter  of  the  jet  at  about  one-half  inch  from  end  of  nozzle  by  a  pair 
of  common  machinist's  calipers,  he  will  find  it  to  be  about  ^  inch 
smaller  than  the  hole  from  which  it  issues.  Thus  the  only  use  of  the 
ring  nozzle  is  to  make  a  show  of  playing  a  larger  stream  than  is  the  fact. 
The  apparent  advantage  of  the  ring  nozzle,  which  has  misled  many- 
firemen,  is  easily  explained.  The  result  is  the  same  as  if  a  smaller 
nozzle  were  used  wliile  hydrant  pressure  remained  the  same;  thus  the 
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auml)or  of  gallons  per  minute  flowing  being  less,  the  pressure  lost  by 
friction  through  hose  is  less,  and  therefore  there  remains  a  greater 
pressure  at  base  of  play-pipe,  and  this  carries  the  stream  to  a  somewhat 
greater  height  and  distance,  but  with  greatly  diminished  volume.  For 
|-inch  and  1-incli  ring  nozzles  the  discharge  is  almost  exactly  the  same 
as  for  smooth  nozzle  ^  inch  smaller.  Therefore,  no  special  tables  for 
these  two  sizes  of  ring  nozzle  are  given. 

As  a  basis  for  comj^uting  these  discharges  of  ring  nozzles  the  value 
0.74:  was  adopted  for  co-efficient  of  discharge. 
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(Discharge  of  l-In.  Ring  is  same  as  's-in.  Smooth. \ 
Discharge  of  %-in.  Ring  is  same  as  ^4-in.  Smooth./ 


IVs-INCH   RING 


Hydrant  Pressure  Required  — Discharge 


Extreme 

-6 
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«* 
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NOTE.— The  al.ove  fifruros  for  Rins  Nozzle  nischar-res  will  .apply  to  any  ordinary  forni 

■  especially  to  ordinary 


of  Ring  acpiirati-ly  cnoujih  for  i)ractical  piirpo.ses,  but  applv  es 

form  of  Rinj:  Nozzle  with  square  shoul.ler    >,.  or  J  inch  deep. 

Rin;;  Nozzles  with  "undercut"  or  "  knife  fd.uo""   slioulder,  disc...... 

constructed,  about  three  per  cent,  less  than  quantity  given  above 
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NOZZLE. 

—  Height  and    Distance   of  Jet. 


Table  A.— No. 7. 

/  Fromejcpeninentsof  \ 
VJ.  R.  Frkeman,18s»./ 
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' ' 

TAKE  NOTICE.  —  The  above  is  pressure  at  hydrant  head  while,  stream  is  flo^rituj. 
The  corresi)ondiiip:  Static  Reservoir  Pressure,  or  Fire-pump  I'ressure,  must  be 
greater  than  hydrant  pressure  by  an  amount  equal  to  friction  loss  betweea 
hydrant-Lead  aud  pump  or  reservoir. 
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1  1/4-INCH    RING 

Hydrant  Pressure  Required —  Discharge 
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lirst  column,  tlivougli 

INDICATED 

Jet. 
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NOTE.—  The  above  flKuros  for  Riiip;  Nozzle  I  )ischar<;es  will  apply  to  any  ordinary  form 
of  Ring  accuratfly  enough  for  practical  ptirpo.sos,  but  apply  esiiecially  to  ordinary 
form  of  Kini;  Nozzle  with  scpiare  shoulder  -J,,  or  \  inch  deep. 

Rinf;  Nozzles  with  "  und.-rcut  "  or  "  kiiife-odf;e""  shoulder,  discharj;c,  as  ordinarily 
constructed,  about  three  per  cent,  less  than  quantity  given  above. 

IV4  r. 
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NOZZLE. 

—  Height   and    Distance    of   Jet. 


Table  A.-no.s. 

/FrojieiperimentsofX 
VJ.  R.  FnKEMAN,18SSj 
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TAKE  NOTICE.  —  The  above  is  pressure  at  hydrant  head  ivhile  stream  is  flou-ing. 

The  corresponding  Static  Reservoir  I'ressure,  or  Fire-pnnip  I'ressure,  must  be 
greater  than  hydrant  pressure  by  an  amount  equal  to  friction  loss  between 
hydrant-head  and  pump  or  reservoir. 
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ISg-INCH    RING 
^Hydrant  Pressure  Required —  Discharge 
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.||25. 

26.3 

53 

I44 

99 

1.45 

40 

38 

33 

52 

48 

38 

75    69    48 

i  '^  I  30. 

31.6 

64 

251 

116 

:  50 

235 

48 

46 

39 

62 

58!  46 

9i|  83'  58 

1  '  f  35. 
"^  1 J  40, 

36.8 

74 

=  58 

'3' 

i  55 

253 

ss 

S3 

46 

72 

68    S3 

106    97    6S 

42.1 

S5 

I  64 

144 

.i  59 

271 
287 

63 
71 

61 
68 

53 
59 

82 

77   61 

121  III    77 

t     I  45. 

47.4 

95 

=„  69 

■54     '.  63 

93 

87    68 

136' 124'  87 

2  tf    50. 

52.6 

105 

S74 

.64 

I  66 

303 

79 

76 

66 

103 

97    76 

151  138    97 

1  Ii  55. 

67.9 

114 

:78 

172 

"  69 

318 

s? 

84 

72 

113106;  84 

166  152  106 

^  |60. 

63.2 

'23 

«  81 

I  So 

■S  72 

332 
346 

95 
103 

91 

79 

124JI16]  91 

181  166  116 

'it     65. 
i  f  7  70. 

C8.4 

>3i 

184 

.87 

1  75 

99!  85 

134 

126 

99 

196  180  126 

73.7 

137 

;  86 

194 

;  77 

359 

III 

106 

92 

144 

135 

106 

211  193  135 

5  -ai  75. 

7a.o 

142 

f  88 

200 

1 79 

371 

119 

114 

98 

155 

145 

114 

226207  145 

tl^^  80. 

84.2 

'47 

1  901 

206 

£  81 

383 

395 

127 

135 

122 

105 

165 

155 

122 

241  22I|I55 

til  85. 

89.5 

150 

=  92 

212 

§  82 

I29'lI2 

175I164129 

257 

235  164 

g  Zt   90. 

94.7 

'53 

I  94 

217 

.E84 

407 

143  >37  "^ 

1861174:137 

iy6|i8^i44 

249  174 

11:  95. 

100.0 

i5f. 

^  96 

222 

;5.  86 

418 

150  144  125 

263  184 

=  §  100. 

105.3 

158 

97 

227 

88 

429 

15S  152  131 

206  193  152 

....  193 

NOTE.— The  :i1»ive  li;;urfs  for  Uiu^;  Xoz/.le  l)i.«liiirj:es  will  apply  to  any  ordinary  form 
of  Ring  accuraU'ly  euou;;h  for  practical  purposes,  but  apply  especially  to  ordinary 
form  of  Rin<;  Nozzle  with  scjuare  shoulder  ^^  or  J  inch  deep. 

RinR  Nozzles  with  "  undercut  "  or  "  knife-ed^'c  "  shoulder,  discharge,  as  ordinarily 
constructed,  about  three  per  cent,  less  than  ijuantity  given  above. 
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NOZZLE. 

—  Height   and    Distance   of   Jet. 


Table  A.-N0.9. 

/  Frninexptrtinentiuf  \ 


steamer) 

while  stream 

is  flowing 

,  to 

maintain 

pressure 

at  base 

af  play-pipe,  aa  per 

various  lengths  aii<l  kiiula  of  iii2-i"ch  Hose,  as  below. 

Length  300  ft. 

Length  400  ft. 

Length  500  ft. 

Length  600  ft. 

Length  800  ft. 

L'gth.  1000  ft. 

=  -■      u. 

c.=     l  ^ 

_  _■ 

il  -: 

B  J= 

,    . 

B^' 

^  • 

c  -•  1  i  ^ 

w  3 

^  0 

.0  c 

■2  2 

USi 

5  S 

OK      =  = 

oK! 

=  a 

OOS 

=  a 

>-)« 

5  e 

Cx 

5a 

s 

X-r 

-ct 

aSrr 

«M 

0 

^ 

6 

d 

S3 

>,«) 

6 

>.  0 

oj 

-  « 

s  = 

S 

:s  0 

=  S 

z 

=  = 

■5  2 

0 

5   B 

c 

C  B 

! 

—  ^ 

*a 

n 

!;;  1 

r^ 

^  1 

ft  1 

a 

S;  1 

B 

!S  1 

C 

S  1 

5^ 

c 

a 

B 

^S   ?  = 

a 

•^? 

s 

S  ^ 

2 

■2  » 

a 

ss" 

>J 

«  0 

f  _o 

>J 

K3 

>.H 

^ 

!« 

>■« 

^ 

f« 

rr-a 

a     ?« 

t^.s 

>>Bt 

a 

»»? 

c  » 

5 

a? 

B  ® 
=  B 

B 

|a 

E  2 

3 

A? 

.£  2 

=    si 

^.i 

5 

|a 

11 

P 

a' 

0 

0 

B' 

0 

P 

a' 

0 

» 

0' 

0 

p    4" 

0 

p 

- 

0 

lbs. 

lbs. 

Ibs^ 

IbsT 

n)s. 

IbsT 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs.    lbs. 

lbs. 

lbs. 

lbs." 

Ib8. 

20 

18 

12 

25 

22 

14 

29 

26 

16 

34 

30 

18 

44    39 

22 

53 

47 

26 

40 

36 

24 

49 

44    28 

59 

53 

32 

68 

61 

36 

88,  77 

44 

107 

94 

53 

60 

54 

35 

74 

66   41 

88 

79 

48 

103 

91 

54 

131  116 

66 

160 

X4I 

79 

79 

72 

47 

99i  SSj  55 

I23'lII     69 

118 

105 

64 

79 

137  122 

72 
90 

175155 

88 

213  1 88  105 

99 

90 

59 

147  131 

171 

,52 

219  193111 

267235 

131 

119 

108 

70 

148 

133    83 

177,157 

95 

205  182 

108 

263 

232133 

282 

157 

139 

126 

82 

173  i55i  97 

206  184 

III 

240213 

126 

271  155 

184 

159 

144I  94 

197,177,111 

236|2IO 

127 

274  243 

144 
162 

....177 

.... '210 

179 

162  106 

222  199 

124 

265 

236 

143 

274 

....  199 

236 

199 
219 

180  117 
198  129 
216  141 

247  221 

271   24^ 

138 
IC2 

?6t 

159 

175 
191 

180 

221 

263 

198 

216 

5/1  -? 

....   265]  166 

.65 





2i;8'^-i'< 

153 
164 
176 
188 

T8n 

207 
222 

....1^^^ 

■^5" 

251 

193 
207 
221 

251 

238 
254 

.... 

1 200 

....235 
....249 
....263 

t 

.TT 

223 

235 

1 

1 

TAIvE  NOTICE.  —  The  .above  is  pressure  .at  hydrant  liead  while  stream  is  /lotting. 
The  corresponding  .Static  Reservoir  Pressure,  or  Fire-pump  Pressure,  must  be 
greater  than  hydriint  pressure  by  au  amount  equal  to  friction  loss  between 
hydrant-head  and  pump  or  reservoir. 
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Fire  Pump  Inspection  Tables. 

Tables  B  No.  1  and  B  No.  2  are  designed  for  tlie  convenient  use  of 
water-works  sui)erintcudents  in  measuring  water  sujiplied  for  filling^ 
tanks  or  other  i^urposss,  and  are  also  of  much  convenience  in  testing  a 
pump  to  see  if  it  will  throw  its  rated  capacity. 

Certain  kinds  of  pumps,  i)articularly  rotary  piston  pumps,  so-called, 
deteriorate  rajiidly  by  us?  or  by  long  standing,  and  it  is  one  of  the 
regular  duties  of  the  insurance  inspector  or  of  the  prudent  mill  siii)er- 
intendent  to  test  such  pumps  from  time  to  time.  These  tables,  B  No.  1 
and  B  No.  2,  may,  by  intelligent  interpolation,  give  results  certain  to 
Avithia  about  five  per  cent.,  but  are  not  designed  for  the  very  accurate 
gaiiging  of  discharge  of  pumping  engines  referred  to  at  the  beginning  of 
this  paj^er  (}>.  304  and  p.  830).  For  such  work  it  is  necessary  to  measure 
the  pressure  close  to  the  base  of  play-pipe  and  will  generally  be  necessary 
to  caliper  the  diameter  of  nozzle  very  exactly,  and  to  make  some  allowance- 
for  velocity  of  flow  jjast  jjiezometer  dependent  ujion  the  peculiar  condi- 
tions which  may  happen  to  exist.  For  such  cases,  therefore,  si:)ecial 
computations  will  genei'ally  have  to  be  made.  Had  time  allowed,  the 
writer  would  have  presented  some  tables  containing  the  elements  for 
making  such  computations  expeditiously.  They  can,  however,  be  very 
expeditiously  computed  by  the  aid  of  the  very  convenient  and  accurate 
velocity  tables  in  the  "Lowell  Hydraulic  Experiments." 

To  return  to  Tables  B  No.  1  and  B  No.  2,  somewhat  greater  ac- 
curacy can  be  obtained  with  Table  B  No.  1  using  only  fifty  feet  of 
hose,  than  with  greater  lengths.  The  "  Open  Butt  Table  "  is  of  necessity 
less  accurate  in  its  results  than  the  other  tables,  since  small  differences 
in  diameter  of  hose  and  in  smoothness  of  its  interior  surface  have 
relatively  a  very  great  effect  in  modifying  the  discharge.  There  are, 
however,  very  many  practical  purposes  for  which  such  a  table  is  of 
a  great  deal  of  convenience,  such,  for  instance,  as  in  determining  the 
number  of  gallons  per  minute  which  can  be  supplied  at  any  portion 
of  a  wat?r-works  distribution  system  without  lowering  the  pressure 
below  a  certain  point.  And  is  also  of  convenient  aiiplication  some- 
times for  roughly  measuring  water  supjjlied  to  fill  tanks. 
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PUMP    INSPECTION 

Discharge  of  Nozzles  attached 


HYDRANT 
PRESSURE 

1%-lnch 
Smooth  Nozzle. _ 

1 1/1 -Inch 
Smooth  Nozzle. 

1 1  8  -Inch 
Smooth  Nozzle. 

1-Inch 
Smooth  Nozzle. 

Ts-lnch 
Smooth  Nozzle, 

or  l-itich  Kins 
Nozzle. 

Gals,  per  Min. 

Gals,  per  Min. 

3al5.  per  Min. 

Gals,  per  Min. 

Gals  per  Min. 

indicated 

while 
Stream    Is 

flowing 

by    GaiiRe 

attached  to 

QT'lrant, 

as  Bliown. 

a 

B 

•a 

-1 

IP 

3  1 

—■'3 
'§  i 

ft 

l.| 
i^ 

■5  a 
5" 

a 

s 

a 

•3 

c 

2  to 

-   3 

S2  0 

■2  2 

■-'3 

1 2 

a 

c 

13 

S  to 

|j 

Is 

&a 
0 

a 

c 
c 

5  3 

lj 

•5"- 

|i 

11 
|| 

■c  s 

0^ 

1 

-3 

Hill 

tin 

11 '  I"! 
1?  11 

Lbs. 
per  s.i.  in. 

5 

90 

92 

103 

80 

82 

90 

70 

71 

75 

59 

59 

62 

47'  47   48 

10 

127 

131 

146 

114 

116 

127 

99 

lOI 

107 

83 

84 

87 

66    67    68 

15 

155 

160 

179 

140 

143 

154 

121 

123 

131 

lOI 

1 02 

106 

8ij  81    84 

20 

180 

185 

206 

161 

164 

179 

140 
156 

142 

151 

117 
131 

118 

123 

93;  94'  96 

25 

201 

207  230 

180' 184 

200 

158  169 

132137 

104  105  107 

30 

220 

226 

251 

197 

202 

219 

171 

173  184 

143 

144' 1 50 

114  115  118 

35 

238 

245 

272 

213 

218 

236 

184 

188  199 

154 

156I162 

123  124,127 

40 

255 

262 

291 

227 

233 

253 

197 

201  213 

165 

167  173 

132  133  136 

45 

27O27S 

309 

241 

247 

269 

209'2i3  226 

175 

177 

184 

140141,144 

50 

284293 

325 

255 

260I283 

221 

224I238 

184 

186 

194 

147148152 

05 

298|307 

341 

267  273  296 

232 

235 

250 

193 195 

204 

1541551159 

60 

311,320 

357 

279:2851309 

242 

245 

261 

202  204 

213 

161  162  167 

G5 

3241333 

371 

290 

296 

322 

252255 

272 

210 

213^221 

168 

169^173 

70 

23(^ 

346 

385 

301 

307 

334 

261   265 

281 

218 

221  230 

174 

176  180 

75 

348 

358 

399 

311 

318344 

270,275 

291 

226 

228238 

181 

182' 186 

80 

359 

370 

412 

322329357 

279:284 

301 

233 

236246 

186 
192 

1 88;  1 92 

85 

37i'382 

425 

332 

339369 

288293310 

240243*253 

193 198 

90 

381.393 

437 

341 

349 

379 

296 

301 

319 

247 

250  261 

197 

199  204 

95 

392403 

449 

350 

358 

390 

304 

309 

328 

253 

257 

268 

203 

204  209 

100 

402,414 

461 

359 

368 

400 

312 

317 

337 

260 

264 

275 

20S 

210  215 

(^>u;uitltie3  are  stated  in  United  States  gallons  of  231  cubic  inches. 
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TABLES. 

to  50  Feet  of  2 '..-inch  Hose. 


Table  B.-No.l 

/  Fmm  experiments  of  \ 
l,J.R.  Freeman,  HS3,^ 


^'4 -Inch 
Smooth  Nozzle, 

or  ,'8  ini'b  King 

Nozzle. 
Gals  per  Min. 


36  36^ 

50|  50!  51 
6ij  61  62 

71'  7it_7- 

81 
88 
95 

lOI 

1061 106  108 
112  112  II  X 
117  117  119 
122:122  124 


79 

80' 

86 

87! 

93 

93 

00 

TOO 

127  127 

132 132 

I37I37 

141  142 


129 

134 

139 

144 


145 146 
149 150 

153154' 
1581159 


148 
152 

156 

161 


1%-lnch 
Ring  Nozzle. 

Gal3.  ])er  Min. 


§■& 

a  0 

s^ 

^ 

as 

s 

2^ 

22 

a 

.S.I 

fT7 

J 

X  5 

£•3! 

'1 

as 

U 

Bi 

o"^ 

75 

76 

84 

108 

no 

1x8 

132 

135 

144 

152 

155 

167 

170 

174 

187 

187 

191 

205 

201 

206 

221 

215 

219 

237 

229  233  251 

241  245j264 

257,277 
269  289 


253 

264 


275  280,  301 
2S5  291  313 


295 
305 


301 1  324 
3"  334 


314,  320  345 

323, 329  355 
332}  33^\  364 
340:  347:  374 


IVi-lnch 
Ring  Nozzle. 

Gftls.  per  Min. 


^5 

11 

SS 

s 

*  2 

;S-3 

^  a 

S  1 

C-- 

B 

.J 

^  0 

•J 

t,^ 

a 

=  0 

•g 

£S9 

•O  B 

U 

•^ 

o~ 

66 

67 

70 

94 

96 

lOI 

"5 

117 

124 

133 

135 

143 

149 

151 

159 

163 

165 

175 

176 

179 

189 

188 

191 

202 

200 

203 

214 

211 

214 

226 

221 

224 

237 

231 

234 

247 

240  244  257 
249  253  267 

258^  262,  276 
266|  2701  285 

274'  279'  294 
282  287  303 
290J  295:311 
298  303  319 


IVs-lnch 
Ring  Nozzle. 

Gals,  per  Min. 


.B  0 

i 

b1 

as 

~ 

Z  — 

^S 

2 

B 

"z  a 

OJ  V 

J 

fa 

5 

.fei 

B  5 

s  s 

"^ 

" 

56 

56 

59 

80 

81 

84 

98 

99 

103 

"3 

114 

119 

1261  128'  133 

I38j  i4o|  145 

I49|  I5i|  157 
159I 162  168 


169 

172 

178 

179 

181 

188 

187 

189 

197 

196 

198 

205 

205 

206 

214 

212 

213 

222 

219 

221 

230 

226 

228 

237 

233  235  244 

239!  242  252 
246  249  259 
253: 255,266 


HYDRANT 
PRESSURE. 


5 
10 
15 
20 


25 
30 
35 
40 

"45" 
50 
55 
60 


IsOTE.  — The  aliove  ficrures  for  Riiif^:  Nozzle  Discharges  will  apply  to  any  ordinary  form 
of  Ring  accurately  enough  for  i)nictical  purposes,  but  apply  especially  to  ordinary 
form  of  Ring  Nozzle  with  square  shoulder  Jg  or  i  inch  deep. 

lUng  Nozzles  with  "under-cut"  or  '-knife-edge"  shoulder,  discharge,  as  ordinarily 
coustructed,  about  3  per  cent,  less  thau  quantity  given  above. 
60  p 
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PUMP    INSPECTION 

Discharge  of  Nozzles  attached 


HYDRANT 
PRESSURE 

l"«-lnch 
Smooth  Nozzle. 

IVi-lnch 
Smooth  Nozzle. 

P/s-lnch 
Smooth  Nozzle. 

1 

Smoo 

Gals 

-Inch 
th  No 

zzle. 

ain. 

%-lnch 
Smooth  Nozzle> 

or  l-iiich  Kin- 

Gals,  per  iliii. 

Gals,  per  Min. 

Gala,  per  Min. 

per 

Gals,  per  Min. 

indicated 

wliilo 
S>r»ain    is 

fldwing 

by    Gauge 

attached  to 

Uydrant, 

as  Eliowii. 

a 
c 
3 

IS 

a : 

1] 

0^ 

-3 
0 

£(2 
A  'S 

15 

|7 

a 
3 
a 

1? 

3  9 
^  c 

I] 

-  2 

>.- 

li 

vs 

5~ 

c 
■3 

ST 

S  5 

11 

0 

a 

C 

3 

X,  i 

o3 
5  3 

IT 

*  S 

Lbs. 
per  611.  In. 

0 

5 

75 

79 

93 

70J  72 

82 

62 

64 

71 

54 

55 

59 

44 

45    47 

10 

107 

III 

131 

9S  102 

116 

88 

91 

100 

76 

78 

83 

63 

63    6& 

15 

131 

136 

160 

121  125 

143 

108 

III 

123 

93 

95 

102 

76 

77;  81 

20 

151 
169 

157  185 

139  144  164 

125 

128 142 

107 

no 

118 

88 

89    94 

25 

176 

207 

155  161  184 

139 

143158 

I2o[l22  132 

99  100  105 

30 

185 

192 

226 

1 70  1 76  202 

,52 

156173 

132  134  144 

108  no  115 

35 

200 

208 

245 

184  190  218 

165 

169 188 

I42I45  156 

117  119  124 

40 

214 

222 

262 

197  204  233 
209216  247 

176 

181 201 

1521155^167 

125  127  133 

45 

226  236 

278 

187192 

213 

161   165 

177 

132 

134 

141 

50 

239  249 

293 

220  22S  260 

197202 

224 

170  174 

186 

139 

142 

148 

55 

251  261 

307 

231  239  273 

207  212 

235 

I7S  182 

195 

146 

1 48 

155 

60 

261 

273 

320 

241250  285 

216  222  245 

1       1 
225231I255 

186  190  204 

>53 

155 

162 

65 

272  284 

333 

2511260 

296 

194 

198 

213 

159  161 

169 

70 

282  294 

346 

261  270 

307 

233240265 

201 

205 

221 

165  167 

176 

75 

292,304 

358 

270279 

319 

241248275 

208 

212 

22S 

171  173 

182 

80 

301 

314 

370 

27S  2S8 

287297 

329 

339 

249  256  284 

215 

219236 

177:179 

iSS 

85 

311 

324 

382 

257 

264293 

222  226 

243 

1S2 

.85 

193 

90 

320 

333 

393 

295:306 

349 

264 

272 

301 

228 

233 

250 

1 88 

190 

199 

95 

329 

342 

403 

303  314 

35« 

272 

279 

309 

234 

239 

257 

192 

195 

204 

100 

337 

35'  4'4 

3"  322 

368 

279  2S7 

317 

240 

245 

264 

197  200 

210 

Quuutitiea  are  btated  iu  UuitcU  Stutcs  gulloub  of  1231  cubic  iucbes. 


FREEJIAN    ON    HYDRAULICS    OF   FIRE   STREAMS. 


447 


TABLES. 

to  100  Feet  of  2i^-inch  Hose. 


Table  B.-N0.2, 

/From  experiments  of  \ 
VJ.R.  Freeman,  1888J 


='.4 -Inch 
Smooth  Nozzle, 

1-,8-lnch 

lU-lnch 

IVs-lnch 

or  ;8-iiich  Kiii({ 

Ring  Nozzle. 

Rinff  Nozzle. 

Ring  Nozzle. 

Nozzle. 

. 

.. , 

Gals.  perMin. 

Gals,  per  Mln. 

Gals,  per  Min. 

Gals,  per  Min. 

SI 

11 

Km 

Bib 
"1 

11 
SI 

J3   0 

1-5 

HYDRANT 
PRESSURE. 

1 

§2 

S 

I3 

=  2 

0 

S2 

0 

n 

a 

a 

c 

sj 

^7 

a 

MJ 

5" 

c 

S  1 

S"T 

a 

S.I 

.=^7 

c 

«  3 

a 

s 

a 

ij 

X  c 

—  0 

^ 

J 

X  ^ 

^g 

iJ 

pi  2 

XI  m 

•5 

^n 

c^ 

I-  S 

t-a 

.^ 

t-  H 

ta 

i-a 

ca 

2 

S.'zz 

--3 

—  — 

S-3 

© 

S.  zn 

c 

Ji 

=  = 

a 

as 

•5^ 

^^ 

£S 

■E.H 

"a 

IS 

=  = 

Lb3. 

U 

" 

o"" 

i^ 

" 

©"■ 

& 

" 

0 

ti 

« 

o~ 

per  sq.  In. 

34 

34 

35 

67 

69 

78 

60 

62 

68 

52 

53 

57 

5 

48 

49 

50 

94 

97 

no 

85 

87 

96 

74 

75 

81 

10 

59 

60 

61 

"5 

120 

135 

104 

107 

117 

90 

92 

99 

15 

68;  69 

71 

133^,  138 

155 

174 

120 

123 

135 

105 
117 

107 
119 

114 

128 

20 

76 

77!  79 

149 

154 

134 

138 

151 

25 

84 

84 

S7 

163 

169 

191 

147 

151 

165 

128 

130 

140 

30 

90 

91 

93 

176 

182 

206 

159 

163 

179 

139 

141 

151 

35 

97 

97 

.03 

100 
'106 

188 

195 

219 

169 

174 

191 

148 

151 

162 

40 

103 

200 

207 

233 

180 

185I  203 

157 

160 

172 

45 

loS 

109  112 

211 

218 

245 

T90 

195 

214 

165 

169 

181 

50 

113 

114117 

221 

229 

257 

199 

204 

224 

173 

177 

189 

55 

Ii8|ii9  122 

231 

239 

269 
280 

208 
217 

213 

234 

181 

185 

198 

60 

123  I24'l27 

241  248 

222    244 

189I  192 

206 

65 

1 28  120  n2 

1       '  ' 

250,258 

291 

225 

230,  253 

195; 199 

213 

70 

132  133  137 

259  267 

301 

233 

239    262 

203  206 

221 

75 

137  I3S  142 

267  275 

275'  284 

3" 
320 

240 

247 

246    270 

209 

213 

22S 

80 

141 

142  146 

254 

279 

215 

219 

235 

85 

145 

146  150 

283'  292 

329 

255 

261 

287 

222 

226 

242 

90 

149 

150,154 

29 1  300 

338 

262 

269 

295 

228 

232 

240 

95 

153 

154 

15S! 

299 

308 

347 

269 

275 

302 

234 

238 

,255 

100 

■NOTE.  —  Tlie  above  fip;ures  for  Ring  Nozzle  Discharges  will  apply  to  any  ordinary  form 
of  Ring  accurately  enough  for  practical  purposes,  but  apply  especially  to  ordinary 
form  of  Ring  Nozzle  with  square  shoulder  yL  or  i  inch  deep. 

King  Nozzles  witli  "under-cut"  or  ''knife-edge"  shoulder,  discharge,  as  ordinarily 
constructed,  about  3  per  cent,  less  thau  quantity  given  above. 
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If  Gauge  Is  not  connected  in  this  manner,  proper  allowanceN 
must  be  made  for  loss  of  pressure  between  Gauge  and  Hydrant./ 


PUMP    INSPECTION 

The  degree  of  accuracy  attained  in  estimating 
of   tlie  two  preceding  tables  —  B,  No.  1  and 


HYDRANT 
PRESSURE 

Quantify  of  Water  Discharged  per  minute  through  ordinary  2y2-inch  1 

ire  Hose, 

(United  States  Gallons  of  2r.l  cubic  inches.)     Open  Hose  Butt. 

No  Play- 

indicated 
while 

Length  25  feet. 

Length  50  feet. 

Length  100  feet. 

Stream    is 

flowinjr 

Inferior 

Ordinary 

Inferior 

Ordinary 

Inferior 

Ordinary 

by    Gau;;e 

best 

Rubber- 

best 

attached  to 

Unlined 

lined 

quality 

Unlined 

lined 

quality 

lined 

quality 

Hydrant, 
as  shown. 

Linen 

Cotton 
".Mill 

Kubljer- 
lined 

Linen 

Cottim 
"Mill 

Rubber- 
lined 

Linen 

Cotton 
"Mill 

Rubber- 
lined 

Hose. 

Hose." 
Inside 

Hose. 
Inside 

Hose. 

Hose." 
Inside 

Hose. 
Inside 

Hose. 

Hose." 
Inside 

Hose. 

Inside 

per  sq.  in. 

Rough. 

Smooth. 

Rough, 

Smooth. 

Rough. 

Smootli 

10 

231 

242 

297 

176 

188 

242 

132 

140 

188 

15 

.283 

.•297 

c  363 

,•217 

.•230 

^297 

.   161 

171 

230 

20 

1  326 

1  343 

1419 

S25I 

S2£6 

1343 

^186 

199 

266 

25 

^365 

^383 

"468 

«28l 

"297 

-383 

'0208 

222 

297 

30 

p  400 

=  420 

i  5H 

^■307 

=■326 

a  420 

1  228 

243 

326 

35 

"432 

fc453 

I  554 

fe  332 

^352 

fe453 

fe  246 

262 

352 

40 

5-462 

^484 

^593 

»355 

S-376 

^484 

Ji'  264 

280 

376 

45 

5  490  1  5  514 

^630 

•°377 

•°  399 

•^SH 

5280 

297 

399- 

•0                -o 

•r 

•3                       -3 

•^ 

•3 

50 

§516 

g  542 

1  664 

I398 

5  420 

i  542 

i  294 

3^3 

420 

55 

;54i 

I  568 

0696 

«4i6 

0  440 

0  568 

I  308 

328 

440 

60 

1565 

2  594 

X   726 

«434 

I460 

to 

3  594 

to 

2  322 

343 

4C0 

65 

.2  588      1  618 

I756 

|452 

I480 

.1  618 

|336 

358 

480 

70 

t  610 

0641 

^784 

f  470 

1498 

f  641 

^348 

371 

498 

75 

I632 

1-663 

^812 

^486 

I'5i5 

.^663 

l'36o 

384 

515 

80 

=  652 

1685 

"o 

S5C2 

S532 

I685 

5372 

397 

532 

85 

»672 

1  706 

g  — 

I518 

^548 

1  706 

1383 

409 

54S 

90 

3  692 

1  727 

1  •••• 

|533 

^564 

1  7-7 

S394 

421 

564 

95 

1.712 

t747 

'^ .... 

t547 

1.579 

^747 

t405 

432 

579 

100 

^730 

=  766 

w 

>H    ■  ■  ■  • 

5  561 

5594 

S  766 

2416 

443 

594 

no 

766 

806 

588 

623 

806 

436 

465 

623 

120 

800 

614 

651 

456 

4S6 

65T 

NOTE.  —The  above  values  arc  based  <>n  expcriiiionts  with  these  kinds  of  Hose  attached 
to  a  Chapman  4-way  liideiieiidtnt  (iate  Hydrant  (CoelT.  Diseh.  by  Expt.  0.711.  So 
far  as  iulluence  of  Kind  of  Hydrant  upon  diselmrge  is  concerned,  the  same  values 
are  correct  enou;;h  for  pra<'tical  purposes,  exc(>pr  as  noted  in  margin  of  columns. 

It  will  be  noted  that  this  table  gives,  for  each  length,  tlie  discliarge  through  the  best  or 
smoothest  hose,  and  gives,  also,  discliarge  for  same  length  of  Hose  with  roughest 
water-way.  Hy  use  of  a  little  judgment  in  interpolating  between  these  two  values, 
error,  in  ordinary  use  of  table  need  not  exceed  10  per  cent. 
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TABLES.  — "Open  Butts." 


Table  B.-No.  3. 


discharge  throuprh  "Open  Butt"  is,  not  nearly  so  n;reat  as  may  lie  attnined  by  the  methods 
15,  No.  ^  —  by  reason  of  greater  influence  of  form  of  Hydrant  and  difEerences  iu  Hose. 


with  Couplings  of  2''2-inch  Bore. 
Pipe  or  Nozzle  attached. 


Length  200  feet. 

Inferior 
Kiibber- 

lined 
Cotton 

"Mill 
Dose." 

Ordinary 

best 
quality 
Rubber- 
lined 
Ilose. 

Inside 
Uuugli. 

Inside 
Smooth. 

I02 

140 

125 

171 

144 

199 

161 

222 

177 
190 

204 
217 


228 

239 
250 

260 


270 

279 
288 
297 


306 

314 

322 

338 

354 


243 
262 
280 
297 


313 
328 

343 

358 


371 

384 

397 
409 


421 
432 
443 
465 
486 


Length  400  feet. 


Inferior 

Rubber- 
lined 

Cotton 
"Mill 

Hose." 


74 

90 

104 

116 


127 

137 
146 

155 


164 
172 
179 
186 


194 
201 

208 
215 


221 

227 
232 

243 

254 


Ordinary 

best 

quality 

Rubber- 

lined 

lloso. 


102 

M4 
161 


177 
190 
204 
217 


228 

239 
250 
260 


270 

279 
288 

297 


306 

314 
322 

338 
354 


Discharge  through  Open 

Butt  of  Hydrant, 
without  Hose  attached. 


HYDRANT 
PRESSURE 

indicated 

while 
Stream    is 

Howing 

by     Gauije 

attached  to 

Hydrant, 

as  shown. 

Lbs. 
|)pr  sq.  in. 


10 
15 
20 
25 


80 
35 
40 
45 


50 

55 
60 
65 


70 
75 
80 
85 


90 

95 

100 

110 

120 


Discharge  of 
One  Nipple 
of  Chapman 
4-\Vay  Inde- 
pendent 
Gate  Hydrant. 

Diameter  of 

Outlet  exactly 

2^.i  inches. 


419 

513 

592 
663 


7-5 
783 

ii37 


936 

982 

1026 

1067 


1108 
1 147 
1 1 84 
1221 


1256 
1290 

1326 


NOTE.  — Slightpeculiaritiesof 
construction  in  different  makes 
of  Hydrants  so  affect  discharge 
from  open  butts  of  Hydrants 
without  Ilose,  that  these  figures 
apply  only  approximately  to  dis- 
charge of  Hydrants  in  general. 

By  using  good  judgment  in 
applying  corrections  as  per  notes 
below,  results  accurate  to  within 
10  per  cent,  may  generally  be 
obtained. 

(Style  A.)— Ordinary  Matthews 
(R.  D.  Wood  &  Co.'s)  Hydrant 
without  independent  gates,  in- 
side corner  being  rounded  off, 
will  probably  discliarge  about  20 
per  cent.  more. 

(Style  B. ) —  Ordinary  Chapman 
Hydrants  without  independent 
gates  have  square  inside  cor- 
ners, and  will  probably  discharge 
about  10  ])er  ceut.  more. 

For  the  ordinary  Ludlo%v  and 
Lowry  Independent-Gate  Hy- 
drants or  Chucks,  figures  in 
table  are  probably  nearly  cor- 
rect. 

If  diameter  of  outlet  is  not  ex- 
actly 2!a  inches,  an  additional 
correction,  as  follows,  must  be 
made  ;  — 


Diameter. 

Add. 

25/8 

10% 

2^^ 

5% 

2A 

238 

21/4 

10% 
19% 
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Table  C. 

Tliis  is  of  miicli  interest  in  illustrating  wliat  can  be  done  -with  a 
given  liydrant  pressure,  according  to  length  and  kind  of  hose  used,  and 
a  study  of  this  tabic  shows  up  plainly  facts  which  are  far  too  little 
ai^preciated. 

Note  the  difference  in  effective  height  and  force  of  jet  dependent  on 
whether  500  or  even  250  feet  of  hose  is  used,  instead  of  50  feet  as  is  often 
used  in  practice  tests  by  mill  fire  brigades. 

Note,  also,  the  inferiority  of  linen  hose  for  use  in  long  lines,  such  as 
are  called  for  in  connection  with  yard  hydrants. 

Thus,  suppose  that  at  a  given  mill  there  is  available  a  static  jjressure 
of  80  pounds,  and  that  the  hydrant  pipes  are  of  such  auiisle  size  that 
l^ressure  at  hydrant  will  be  70  pounds  when  streams  are  playing. 

We  see  from  table  that  if  Ij-inch  nozzles  are  used  the  height  of  the 
effective  fire  streams  obtainable  "will  be: 


Length  of  Hose. 


Greatest  Height  in  a  Moderate  Wind 
AS  A  Good  Effective  Fire  Stream. 


With  ordinary  ?)^-      With  smoothest  2>^- 
inch  unlined  inch  rubber-lined 

linen  hose.  hose. 


Line  50  feet  long 

73  feet  high. 

42 

27 

81  feet  high. 
61    " 

"  250  "   "  

"  500  "   "  

46 

Note  how  quickly  the  inferiority  of  2-inch  hose  develops  when  length 
much  exceeds  50  or  100  feet. 

Thus:  with  250  feet  of  2L-inch  linen,  effective  height  of 

stream  = 42  feet. 

With   250  feet    of    2-inch   linen,    effective    height  of 

stream  = 20     " 

Note,  also,  the  effect  which  even    ^  inch  increase  in  diameter  has  in 
reducing  friction  loss  in  the  hose. 

Thus,  with  500  feet  of  smoothest  and  best  rubber-lined  hose— 
If  diameter  be  exactly  2]   inches,    effective  height  of 

stream  will  be 39  feet. 

If  diameter  be  ^-inch  larger,  effective  height  of  stream 

will  be 46     " 
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Jet  Diagram. 

The  diagram  sliown  in  Fig.  63  is  constructed  for  convenient  practical 
use  in  determining  the  reach  of  a  jet  under  various  pressures,  and  thus 
may  be  classed  along  with  Tables  A,  B  and  C.  It  is  of  interest  as  illus- 
trating what  points  of  a  structure  are  within  reach  of  a  jet  of  a  given 
pressure  from  a  given  stand-point. 

It  is  constructed  solely  from  data  in  Tables  9,  10,  11  and  12,  and  in 
part  by  averages  of  these  same  data  shown  in  Figs.  56  and  57.  Had  its 
construction  been  in  view  at  the  time  of  the  exijeriments,  more  co-ordi- 
nates for  the  path  of.  the  jet  would  have  been  observed,  and  some  ex- 
periments with  45  degrees  inclination  of  nozzle  would  have  been  made 
for  defining  that  portion  of  the  curves  with  greater  exactness,  and  some 
photographs  of  the  exact  path  of  the  jet  would  also  have  been  made. 

The  three  curves  for  the  path  of  a  jet  under  50  pounds  i^ressure  at 
angles  of  75,  60  and  33  degrees,  shown  by  the  light  dotted  lines  of  Fig. 
63,  were  not  defined  by  such  frequent  co-ordinates  as  desirable;  those 
actually  determined  are  shown  by  the  triangles,  and  between  these 
jioints  the  curves  were  sketched  in  along  what  appeared  the  probable 
course. 

It  was  thought  they  were  of  interest  for  comparison  with  the  theo- 
retical values  for  path  of  jets  in  which  no  allowance  is  made  for  resist- 
ance of  the  air,  as  given  in  various  text  books,  and  certainly  they 
have  greater  practical  value.  The  writer  regrets  he  did  not  determine 
the  path  by  photography,  as  could  have  been  very  accurately  done,  and 
presents  these  few  curves  for  the  path  of  jets  merely  until  some  other 
observer  shall  present  more  complete  ones. 

The  curves  for  showing  extreme  distance  at  which  stream  can  be 
classed  as  a  good  fire  stream  were  drawn  from  the  average  results  of  the 
experiments  recorded  in  Tables  9  to  12.  The  values  recorded  in  the 
several  experiments  do  not  agree  very  closely;  and,  indeed,  it  is,  in 
observing  an  ordinary  fire  stream,  hard  to  say  just  exactly  where  it 
ceases  to  be  good,  within  5  or  perhaps  even  10  feet.  On  bringing  to- 
gether into  this  plotting  the  data  from  the  several  tables  the  results  for 
the  different  elevations  did  not  harmonize  in  some  cases  within  10  per 
cent.  Perhaps  on  some  days  I  was  inclined  to  be  a  little  more  critical 
in  defining  extreme  point  of  a  good  stream  than  on  others.  Thus  we 
are  now  inclined  to  think  that  in  defining  limits  as  good  and  fair  streams 
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in  Table  No.  12  the  judgment  was,  perhaps,  a  little  severe.  After  study- 
ing the  various  observations,  it  appeared  to  the  writer  that  circular  arcs, 
as  shown  in  Fig.  63,  would  represent  the  values  for  the  several  angles  of 
inclination  of  nozzle  with  no  greater  probable  error  than  for  a  more 
complicated  form.  In  other  words,  the  necessary  indefinitenesa  of  the 
determination  and  the  vai'iations  actually  found  in  extreme  distance  to 
which  a  fire  stream  can  for  all  circumstances  be  classed  as  "  good  "  do 
not  warrant  giving  a  more  complicated  form  to  the  curve.  For  pressures 
of  10  pounds  and  20  pounds,  the  fact  that  water  continues  in  a  solid 
body  more  nearly  to  end  of  jet  makes  it  necessary  to  deviate  these  two 
curves  from  circular  arcs.  The  curves  for  limiting  positions  of  extreme 
drops  of  jet  are  at  most  points  probably  about  as  nearly  correct  as  the 
nature  of  the  problem  admits  of  determining  with  any  ordinary  means 
and  appliances,  and  probably  error  does  not  exceed  2  or  3  per  cent.;  but 
possibly  these  curves  at  points  lying  between  lines  passing  through 
origin  of  co-ordinates,  and  at  angles  of  20  and  40  degrees  to  horizontal 
axis,  being  in  the  gap  between  the  observations,  are  drawn  a  little  too 
flat;  or,  in  other  words,  perhaps  actually  the  drops  might  reach  an  addi- 
tional 5  per  cent,  or  so  beyond  the  curve.  However,  it  was  thought  best 
not  to  depart  too  widely  from  the  line  joining  the  experiments.  The 
points  determined  by  experiment  in  the  several  curves  are  shown  b}' 
small  circles  on  the  j)lotting. 
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APPENDIX. 

FOKMUIiAS   FOR  PRACTICAL   USE. 

The  following  formulas  deduced  from  well-known  hydraulic  laws, 
and  based  uj^on  data  from  the  experiments  described  in  the  foregoing 
isaper,  are  inserted  here  for  handy  reference.  They  are  useful  for  special 
cases  or  for  dimensions  not  included  in  the  i^ractical  tables  presented 
above. 

Case  I. — To  compute  the  discharge  of  a  nozzle  having  given  the  press- 
ure at  its  base. 
Let  cl    =  diameter  of  orifice  of  discharge  in  inches.  ' 

D  =  diameter  of  channel  past  gauge  connection  in  inches, 
c     =  co-efficient  of  discharge  of  the  particular  kind  of  nozzle  used. 
(For  nozzles  of  ordinary  forms  we  may  assume  c  =:  0.974 
for  smooth  nozzles,  and  c=0.74  for  ring  nozzles.     See 
pages  316  to  332,  and  Figs.  8  to  26,  as  a  guide  to  values  of 
co-efficient  for  special  shapes  of  smooth  nozzles,  and  see 
page  334  as  a  guide  to  proper  value  of  co-efficient  for 
special  shapes  of  ring  nozzles. ) 
h  1  =  head  in  feet  indicated  by  gauge  at  base  of  play -pipe  (first 
corrected,  if  necessary,  for  index  error  and  for  diflference 
in  level  between  gauge  and  orifice). 
Px  =  pressure  in  pounds  per  square  inch  indicated  by  gauge  at 

base  of  play- pipe  (corrected  for  level,  if  necessary). 
h    =  effective  head  or  static  head  at  base  of  i^lay-pipe  in  feet. 
p    =  effective  j)ressure  or  static  pressure  at  base  of  i^lay-pipe  ia 

pounds. 
/\    =  diameter  of  hose. 
The  pressure  at  base  of  play -pipe  or  nozzle  may  be  stated  either  as 
indicated  pressure  h  i  or  effective  pressure  h. 

The  pressure  // 1  indicated  by  the  gauge  is  less  than  li,  the  static  press- 
ure or  pressure  effective  in  producing  discharge  and  projection  of  jet,  by 
an  amount  equal  to  the  pressure  theoretically  due  to  the  mean  velocity  of 
flow  past  the  piezometer.     If  indicated  pressure  is  given  we  can  obtain 

the  effective  pressure  by  the  following  formula:    //.  =  .j 5 — ^  1  \  i 

If  we  have  given  the  indicated  pressure  as  represented  in  Fig.  64, 
the  discharge  in  cubic  feet  i^er  second  =  Q  may  be  i-omputed  thias: — 
.04  374      c  d2  

Or  the  discharge  in  gallons  per  minute  =  G. 
_      29.83        cd-  
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Fig.  04. 


If  we  liave  the  efiective  pressure  =  h  given,  then 
G<  =  29.83  ccr  y^ 


(3) 
(4) 


For  approximate  purposes,  since  h  is  ordinarily  but  little  more  than 
hx,  we  may  insert  the  indicated  pressures  in  place  of  h  and  p  in  formulas 
Nos.  3  and  4. 

To  illustrate  the  error  caused  hj  this  ai^proximatiou,  we  may  say  that 
for  the  case  of  a  l|-inch  smooth  nozzle  on  2 1 -inch  hose,  the  compiited 
discharge  will  be  only  2  per  cent,  in  error  by  its  use. 

For  certain  special  cases  other  than  fire  stream  nozzles,  where  D  at 
base  of  nozzle  is  large,  and  gauge  not  perceptibly  influenced  by  velocity 
of  approach,  the  gauge  reading  (corrected  for  elevation  and  index  err'or) 
will,  without  further  correction,  give  h  or  p  and  thus  permit  formulas 
Nos.  3  or  4  to  be  accurately  used. 


Case  II. — Given  the  hydrant  pressure.  Required  the  nozzle  pressure: 
Let  P  =  pressure  in  top  of  hydrant  in  pounds  per  square  inch. 

(If  orifice  of  nozzle  is  at  an  elevation  higher  or  lower  than  hydrant  gauge, 
then  this  gauge  reading  must  first  be  reduced  to  the  nozzle  level  by  adding 
the  i)ressure  in  piunds  corresponding  to  difference  of  level  it  nozzle  is 
lower  than  hydrant  gauge,  or  subtracting  this  correction  if  nozzle  is  higher 
than  gauge.) 

Let  c  =  co-efficient  of  discharge  of  nozzle,  either  ring  or  smooth. 

0  =  co-efficient  of  discharge  of  hydrant  nipple.     For  a  sharp  square- 
cornered  entrance  o  =  0.82.     For  a  perfect  smooth  round- 
cornered    entrance  o  =  1.0.     For   ordinary    hydrants   this 
may  be  taken  as  0.707,  which  was  value  found  for  ahydiant 
experimenteel  upon. 
(/  =  diameter  of  orifice  of  nozzle  in  inches. 
D  =  diameter  of  hydrant  nij^ple  in  inches. 
L  =  length  of  hose  in  feet. 

i?'=the  hose  constant,  for  the  particular  size  and  kind  of  hose  used. 
p  =  static  pressure  at  base  of  play  pipe  in  pounds  per  square  inch. 
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This,  being  a  general  formula,  is  complicated. 

Simpler  formulas  for  special  cases  are  given  below. 

The  hose  constant  F  is  in  fact  the  friction  loss  in  pounds  per  100  feet, 
with  240  gallons  per  minute  flowing,  for  any  given  kind  of  hose,  and 
dejjends  for  its  value  upon  the  diameter,  roughness,  obstructions  and 
curves  of  the  given  line  of  hose. 

In  computing  the  foregoing  practical  tables,  the  following  values  of 
F  were  used: 

For  unlined  linen  hose i^  =  30. 

Inferior  rubber  lined  hose i^  =  26. 

Smoothest  rubber  lined  hose F  =1^. 

We  can  deduce  the  value  of  F  for  any  given  Hue  of  hose,  as  follows: 
F^^f+S  +  R  (6) 

In  which  /=  friction  loss  in  pounds  per  100  feet  for  a  flow  of  240 
gallons  per  minute  in  hose  of  exactly  2  J  inches  diameter,  and  having 
the  given  quality  of  surface. 

ExiDerimental  values  of  /  for  various  given  qualities  of  surface  are 
given  in  Table  No.  6,  page  348,  and  the  photographs  of  Fig.  47  may  be 
referred  to  as  showing  with  exactness  the  quality  of  surface  to  Avhich 
these  values  apply. 

*  Formula  No.  5  may  be  derived  as  follows  (all  heads  being  measured  above  liorizoutal 
datum  plane  passing  through  orifice  of  nozzle) : 
Let  H  =  head  in  hydrant. 

h  =  static  head  at  base  of  play  pipe. 
7ti=  indicated  head  at  base  of  play  pipe. 
^2=  head  due  velocity  in  hydrant  nipple. 
/i3=  head  lost  by  eddies  duo  contraction  in  hydrant  nipple. 
h^=  reduction  of  head  at  entrance,  at  hydrant  nipple. 
^5=  head  lost  by  friction  in  going  whole  length  of  hose. 
1^=  mean  velocity  in  hydrant  nipple. 
V  z=  mean  velocity  in  nozzle  orifice. 
c  =  co-efficient  of  discharge  of  nozzle, 
o  =  co-efficient  of  discharge  of  hydrant  nipple. 
The  total  bead  is  accounted  for  as  follows: 

//  =  A,  +/t,,  +h,. 
Diameter  of  up-stream  and  down-stream  ends  of  hose  may  be  assumed  the  same,  and 
therefore  h^  =  h  —  h.^.     Also  h^  =  /I3  -\-  h... 

Thus  we  may  write  //  =  Ji,  -f  h^  -\-  h,  wo  desire  to  express  all  these  heads  in  terms  of  A 
Evidently  k.^  =  h^  —  h.,,  but  since,  by  a  general  hydraulic  law, 


/..  =  ^.-.;,3=./.,(i-i) 
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From  these  sources  we  transcribe  the  following  values: 

Sample  A  very  smoothest  solid  rubber  hose /=  13.4 

B  ordinary  solid  rubber  hose /=  14.0 

C  very  smoothest  rubber  lined  fa1)ric  hose.  .  .  /"=  14.1 

K  very  rough  rubber  lined  fabric  hose /  =  25.5 

J  excellent  leather  hose /  =  21.5 

L  ordinary  unlined  linen  or  canvas  hose f  ^  33.3 

If  the  data  for  roughness  of  water  way  in  any  particular  case  happens 

to  be  most  conveniently  given  in  the  sliajje  of  the  constant  commonly 

denoted  by  n  in  the  well-known   Chezy  formula  v  =  n  (r  s)  I,  see  page 

358   (or  sometimes  denoted  by  c  in  the  Kutter  formula),  we  may,  from 

XI       •            1        ^      ,       ^    ^\         ^     •        ^      204600. 
the  given  vame  of  n  (or  c),  deduce/,  since/  =  ^ — 

S,  in  formula  No.  6,  denotes  the  pounds  pressure  lost  per  100  feet  in 
length,  due  to  sinuosity  in  course  of  hose,  and  with  240  gallons  per 
minute  flowing  experiments  on  page  361  indicate  that  we  may  ordinarily 
call  S=  1. 

R,  in  formula  No.  6,  denotes  the  pounds  j^ressure  lost  per  100  feet 
of  hose,  with  240  gallons  per  minute  flowing,  due  to  reductions  of  area 
or  obstructions  in  the  hose. 

For  the  best  hose  this  term  R  is  zero,  and  may  thus  ordinarily  be 
omitted,  while  for  old  style  2;i-inch-bore  couplings  on  2j-inch  hose,  we 
see,  from  page  370,  i?  =  0.50. 

Obstructions,  such  as  diaphragms  or  washers,  may  be  allowed  for  as 
per  values  on  page  372. 

For  all  ordinary  jDurposes  we  may 

Assume    o  =  0.707  or  the  value  actually  found  for  co-efficient  dis- 
charge of  ChajDman  independent  gate  hydrant. 
"         C  =    .974  for  ordinary  smooth  nozzles. 
"        C  =      .74  for  ordinarv  ring  nozzles. 


Now,  to  find  Aj  in  terms  of  h: 


— ,  but  evidently  ^=  -— - 


Therefore,  A,  =  -£1^1  I— —  I  )  h. 


Next,  the  friction  in  the  hose  being  simply  proportional  to  its  length  and  to  the  square 
of  the  quantity  flowing,  and  calling  p  =  2.3095  h,  we  have 


2.3095  F        100   (240.)2  ^       2494000. 


L  F 


Substituting  the  value  of  G  from  Formula  No.  1,  we  have  h^  =  c"  d^ h. 

^  6472 

Returning  to  our  original  equation,  and  substituting  these  values, 

^  = -Z7- U  -  V  *  +  -6472— '^  + '^^ 
Whence  h  = ^ 

Ld^  ^o"        /^  6472  J 
And  expressing  pressures  in  pounds  instead  of  feet-head,  we  get  Formula  No.  5. 
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Introducing  these  values  we  have  the  following  formulas  for  obtain- 
ing (static)  nozzle  pressure  when  hydrant  pressure  is  known : 

For  smooth  nozzles  p  = ^ ,  r-.\ rr,x 

P 

For  ring  nozzles       _??  = — j^-^^ , 

■^'"'' 0-^+^2)  +  '  *' 

The  following  formula  will  serve  for  approxima  e  purposes.     The 

error  involved  in  its  use  is  small,  consisting  only  of  the  assumption  that 

0  =  co-efBcient  discharge  hose  nipple  =  1.0,  or  a  neglect  to  include  the 

small  waste  of  energy  due  to  the  contraction  at  entrance  to  hose.     For 

lengths  of  hose  greater  than  200  feet,  and  nozzles  not  larger  than  1^  inch, 

this  is  so  small  relatively  to  loss  within  the  hose  itself,  that  the  error 

due  the  use  of  the  following  formula  will  be  of  no  practical  importance. 

P 
For  smooth  nozzles  p 


^_^4  1  (9) 

6822   "^ 


For  ring  nozzles  p 


LFd^  (10) 

11819  "^ 


Having  thus  determined  the  effective  pressure  p  at  base  of  play- 
pil^es,  the  discharge  may  be  readily  computed  by  fo;-mula  No.  4. 
The  extreme  height  to  which  a  jet  of  the  given  size  will  rise  in  still  air 
under  this  jiressure  is  shown  by  diagram  in  Fig.  56,  page  390. 

The  maximum  height  for  practical  use  as  a  first-class  fire  stream, 
under  adverse  conditions  as  to  wind,  is  shown  by  Fig.  56i. 

The  greatest  horizontal  distance  that  a  stream  of  the  given  size  and 
pressure  can  attain,  is  shown  by  the  diagram  Fig.  57,  page  390.  And 
the  greatest  horizontal  distance  as  an  eflective  fire  stream,  by  Fig.  57b. 

The  jet  diagram,  Fig.  63,  contains  much  information  on  these  points 
condensed  into  very  compact  form;  or  if  formulas  are  desired: 

The  extreme  height  to  which  a  jet  Avill  rise  under  this  pressure  in 
still  air  may  be  found  from  the  formiilas  given  on  pages  381  and  392, 
namely : 

J=h—  .00  135-^  (11) 

In  which  /  =  height  in  feet  to  which  average  extreme  drops  of 
a  vertical  jet  will  rise  in  still  air  above  level  of 
nozzle. 
fZj  =  diameter   of    jet   in   inches.      (For    ring   nozzles 

d,  =0.86f/.) 
li    =  static  head  in  feet  acting  upon  nozzle. 
(Formula  No.   10  gives  i^ressure  in  pounds  =j). 

To   reduce  this   to   feet   for   use   in   No.    11, 
/«  =  2.3095;j.) 
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Having  determined  /  for  extreme  drops,  the  lieiglit  attained  by  center 
of  main  body  at  top  of  jet  will  be  about  90  per  cent,  of  /  for  jets  100 
feet  liigb,  or  94  per  cent,  of  /for  jets  75  feet  liigb. 

Height  as  a  thoroughly  first-class  fire  stream  will  be  about 
82  per  cent,  of  /for  jets  where  /=    50  feet. 
79         "  "  "  75     " 

73         "  "  "  100     " 

67         "  "  "  125     " 

63         "  '•  "  150     " 

Discharge  of  Hose  with  Open  Butts. 

Eequired  the  hydrant  pressure  necessary  to  produce  a  given  dis- 
charge.    This  is  given  by  the  following  formula: 

P  =6?2  (^'^}^J^  +  0.000  000  1736  L  F^  (12) 

The  more  common  problem  is:  What  Avill  be  the  discharge  under  a 
given  hydrant  pressure.     This  is  given  by  the  formula : 

|0.00ri23 


G  =      .  (13) 


4 


^,     ,      +0.000  000  1736  LF 


The  above  are  general  formulas  for  any  diameter  of  hose  and  any 
degree  of  contraction  at  entrance  to  hydrant  nipple. 

For  the  special  case  of  2j-inch  hose  and  a  hydrant  like  the  Chapman 
Valve  Company's  Independent  Gate  Hydrant,  whose  co-efflcient  dis- 
charge =  .71,  the  equation  becomes: 

G  =  ^^  (14) 

yo.000  061 +0.0U0  000  1736 ii^ 

In  the  above  formulas — 

G  represents  discharge  in  United  States  gallons  jjer  minute. 

P  rejjresents  pressure  at  hydrant  in  pounds  per  inch  (measured 

as  shown  in  Fig.  G4). 
D  represents  diameter  of  bore  of  hydrant  nii)ple  in  inches. 
o    represents  co-efficient  of  discharge  of  hydrant  niiDple.* 
L  represents  length  of  hose  in  feet. 
F  represents  friction  loss  for  this  particular  size  and  kind  of  hose 

in  pounds  per  100  feet  in  length  with  240  gallons  flowing. 

(See  pp.  458  and  459.) 

*  For  a  sharp  square-cornered  entrance o  =  0.82 

For  a  perfectly  smooth  rounded  entrance o  =  1.00 

For  ordinary  hydrants,  to  allow  for  disturbances,  etc.,  the  value 
found  experimentally  for  the  Chapman  Hydrant  had  best  be 
used,  viz 0  =  .707 
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DISCUSSION. 


Clemens  Hebschel,  M.  Am.  Soc.  C.  E. — I  think  this  jjaper  is  one 
distinctly  advancing  our  knowledge  of  hydraulic  facts.  Witness  the 
measurement  and  consequent  result  of  different  degrees  of  roughness 
on  interior  of  pipes;  the  beautiful  portrayal  of  the  distribution  of 
velocities  in  jets,  skillfully  measured,  and  as  skillfully  worked  up  in 
the  results;  the  tests  of  different  forms  of  nozzles;  the  discovery  that  a 
nozzle,  taken  in  conjunction  with  the  measurement  of  the  pressure  at 
its  base,  forms  a  ready  a,nd  efficient  metering  apparatus  for  certain  pur- 
poses. 

Mansfield  Merkiman,  M.  Am.  Soc.  C.  E. — The  numerous  experi- 
ments detailed  in  this  interesting  and  valuable  j)aper  deserve  a  more 
extended  discussion  than  I  am  able  to  give,  for  a  great  deal  of  study 
could  easily  be  devoted  to  the  many  new  facts  and  conclusions  which 
are  presented.  I  think  it  was  Galileo  who  said  that  it  was  easier 
for  him  to  understand  the  laws  governing  the  motion  of  the  distant 
planets  than  the  laws  that  control  the  flow  of  the  water  which  is  every- 
where around  us.  This  remark  is  as  true  to-day  as  it  was  two  and  a- 
half  centuries  ago.  In  hydi*aulics  experiment  rather  than  theory  must 
be  our  guide,  and  if  Mr.  Freeman  has  by  his  careful  observations 
weakened  one  or  more  theories  previously  held,  his  paper  is  all  the  more 
welcome. 

That  the  tables  of  Ellis  give  the  discharge  from  nozzles  much  too 
small  has  been  apparent  for  some  time,  so  that  in  my  book  on  hydrau- 
lics I  made  no  mention  of  his  results,  except  that  the  co-efficient  of  dis- 
charge for  smooth  nozzles  apjjeared  to  be  about  30  per  cent,  greater 
than  for  ring  nozzles.  Mr.  Freeman  now  shows  that  the  mean  co- 
efficients are  about  0.97  and  0.74.  The  results  that  he  deduces  concern- 
ing the  precision  of  the  smooth  nozzle  as  an  ai>paratus  for  measuring 
water  seem  to  me  to  be  a  valuable  addition  to  our  hydraulic  knowledge. 
I  hojie  to  see  his  suggestion  regarding  their  use  in  pumping  tests 
carried  out,  for  it  is  probable  that  the  common  method  of  relying  upon 
the  piston  displacement  often  gives  the  amount  of  water  lifted  as  too 
large. 

It  must  certainly  be  true,  as  the  paper  shows,  that  the  form  of  the 
smooth  nozzle  has  but  a  slight  influence  on  the  efficiency  of  the  stream 
as  com^jared  with  other  elements.  I  was  not,  however,  entirely  prejiared 
for  the  conclusion  that  the  conical  nozzle  is  superior  to  all  others  in  this 
slight  influence.  The  "uniform  acceleration  nozzle,"  used  in  the  ex- 
lieriments,  had  its  tip  straight  for  one  inch  in  length,  and  although  this 
probably  exercised  but  a  slight  difference  upon  the  result,  yet  it  would 
have  been  as  well  to  have  made  the  entire  profile  in  strict  accordance 
with  the  equation  of  the  curve.     In  this  connection  it  may  be  noted 
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tliat  the  definition  of  uniform  acceleration  given  on  page  403  is  incor- 
rect. Uniform  acceleration  does  not  imply  that  a  force  is  instantly 
apjilied  and  then  instantly  removed,  but  that  the  force  acts  constantly 
and  with  uniform  intensity  in  exactly  the  same  manner  as  the  force  of 
gravity.  Hence  it  might  be  supposed,  if  the  i)articles  of  water  in  their 
passage  from  the  play-pipe  to  the  tip  of  the  nozzle  are  subject  to  the 
same  uniform  force  or  impulse,  that  there  would  be  less  loss  of  head 
due  to  eddies  and  cross-currents  than  when  the  form  allows  a  variation 
in  this  force.  It  is  indeed  only  for  this  reason,  as  I  take  it,  that  the 
form  called  the  "uniform  acceleration  nozzle"  has  been  supjsosed 
likely  to  give  a  higher  co-efficient  of  discharge  than  other  kinds. 

The  jjiezometer  couplings  used  by  Mr.  Freeman  are  designed  in  ac- 
cordance with  what  I  believe  to  be  sound  hydraulic  theory,  and  are 
more  likely  to  register  the  mean  static  pressure  of  the  water  flowing- 
through  them  than  any  other  form  I  can  imagine.  Piezometric 
measiirements  have  been  so  often  subject  to  errors  due  to  imperfect 
kinds  of  connection  that  it  is  to  be  hoped  that  this  method  may  become 
a  standard  for  measurements  of  flow  in  j)ipes  as  well  as  in  hose. 

The  formula  given  by  Weisbach  for  the  co-efficient  of  discharge  in 
cases  of  imperfect  contraction  seems  unnecessarily  complex  in  form  if 
the  true  law  of  variation  can  be  rej^resented  by  a  hyperbola,  as  the  ex- 
j)eriments  plotted  in  Fig.  46  of  the  paper  seem  to  indicate.  Assuming 
0.61  as  the  mean  co-efficient  for  perfect  contraction,  and  1.00  for  the 
case  of  no  contraction,  I  find  for  the  co-efficient  of  discharge  for  imper- 
fect contractions,  the  formula, 

^  ^^,    ,     0.0429 
0  =  0.571+^3-^ 

in  which  r  is  the  ratio  of  the  diameter  of  the  orifice  to  the  diameter  of 
the  channel  of  ai>proach.  The  degree  of  agreement  between  the  actual 
CO  efficients  found  by  Mr.  Freeman  for  square  ring  nozzles  and  those 
computed  from  this  formula  is  shown  by  the  following  comparison  : 

For                          r  =  0.500  0.833  0.84S  0.886  0.950  1.000 

By  experiment,      c  =  0.63"4  0.736  0.729  0.742  0.866  0.975 

By  formula,            c=  0.643  0.732  0.741  0.771  0.857  1.000 

Per  cent,  diff-erence,  +1.4  —0.6  +1.6  +3.9  —1.0  +2.6 

The  ingenious  method  used  by  Mr.  Freeman  for  determining  the  dis- 
tribution of  velocities  throughout  the  cross-section  of  jets  deserves 
especial  notice,  for  it  is  certainly  a  matter  of  much  surprise  and  con- 
gratulation that  the  instrument  known  as  Pitot's  tube  can  be  so  modi- 
fled  as  to  be  used  for  this  jjarpose  with  such  satisfactory  results.  The 
only  criticism  I  have  to  offer  is  that  its  co-efficient  may  probably  be 
subject  to  some  variation  with  the  velocity,  particularly  for  such  a 
minute  orifice,  whereas  in  the  discussion  of  the  experiments  it  was  re- 
garded as  the  same  for  all  points  in  the  same  cross-section.     If  the 
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curve  for  the  jet  from  the  1^  inch  pipe,  shown  in  Fig.  61,  represents 
the  variation  of  "velocities  within  the  pipe  as  well  as  in  the  stream  after 
leaving  it,  it  is  no  wonder  that  formulas  for  flow  based  upon  the  mean 
velocity  have  i^roved  unsatisfactory.  Probably,  however,  the  relative 
variation  is  much  less  marked  for  the  usual  velocities  of  flow  than  for 
the  high  velocities  that  were  used  in  the  experiments. 

Mr.  Freeman. — Professor  Merriman  states  that  the  definition  of  uni- 
form acceleration  on  page  403  is  incorrect.  This  was  a  si^ecial  definition 
intended  to  bring  out  forcibly  the  fact  that  with  the  so-called  uniform 
acceleration  nozzle  the  whole  available  accelerating  force  was  instantly 
applied  in  its  full  magnitude  instead  of  being  applied  first  gently  and 
then  with  gradually  increasing  intensity,  thus  producing  an  acceleration 
which  gradually  increases  up  to  the  instant  of  discharge,  as  is  the  case 
with  a  plain  conical  nozzle. 

I  still  hold  to  the  correctness  of  the  original  statement.  If  a  force 
acts  only  with  a  unifoi'm  intensity,  then  it,  of  course,  does  not  act  with 
varying  intensity,  and  thus,  not  gradually  increasing,  is  applied  instantly 
at  its  full  intensity,  just  as  is  tlie  force  of  gravity  when  one  cuts  the 
string  suspending  a  body. 

We  desired  to  call  attention  to  this  from  the  fact  that  there  seems  to 
be  a  sort  of  popular  misaj)prehension  on  this  very  point,  and  hence  a 
notion  that  the  uniform  acceleration  nozzle  would  have  special  virtues. 
I  shared  these  notions  myself  once,  but  on  considering  the  matter  in 
the  light  above  stated,  saw  this  notion  was  without  reason  or  analogy. 
For,  to  state  the  case  in  a  popular  and  not  strictly  scientific  manner, 
if  it  were  desired  to  get  a  train  of  cars  from  a  state  of  rest  or  a  slow 
velocity  up  to  a  very  high  velocity  with  the  least  possible  shock,  the 
engine  driver  should  open  his  throttle  gradually  and  not  give  it  full 
force  of  steam  at  a  jump.  This  analogy,  of  course,  is  of  itself  no 
demonstration  of  the  superiority  of  a  conical  nozzle.  In  fact,  as  I  said 
in  the  body  of  the  paper,  I  consider  the  question  to  be  one,  first,  of  so 
shaping  the  nozzle  that  there  shall  be  no  tendency  to  form  cross-currents 
or  eddies;  and,  second,  of  keeping  the  channel  large  and  the  velocity 
and  friction  loss  consequently  low,  up  to  as  near  the  point  of  discharge 
as  is  practicable. 

A  very  fair  question  is  suggested  in  Professor  Merriman's  discussion 
as  to  whether  the  co-efficient  of  the  modification  of  Pitot's  tube  used 
in  determining  the  distribution  of  volocities  may  not  have  varied  with 
the  different  volocities  found  in  different  points  in  the  cross  section. 
I  am  very  glad  this  point  is  brought  up,  as  it  reminds  me  to  say  that  I 
took  care  to  investigate  this  question  by  experimenting  upon  the  distri- 
bution of  velocity  in  other  jets  from  some  of  the  same  nozzles  at  much 
loAver  pressures,  and  found  the  ratio  of  the  central  velocity  to  the  theo- 
retical velocity  due  the  head,  and  also  the  proportional  distribution  of 


DISCUSSION   ON    HYDRAULICS   OF    FIRE    STREAMS.  465 

velocity  to  be  substantially  the  same  as  for  the  very  high  velocity  shown 
in  Fig.  62.  As  to  his  further  question  implied  as  to  whether  the  distri- 
bution of  velocity  in  the  jet  from  j^ipes  of  uniform  diameter  shown  in 
Fig.  61  is  the  same  as  exists  within  the  pipe  itself,  it  seems  to  me  there 
can  be  little  doubt  that  this  is  the  case,  for  the  velocity  of  the  particles 
of  water  was  measured  in  less  than  a  thousandth  part  of  a  second  after 
they  had  left  the  tube,  and  their  inertia  must  have  continued  them  for 
this  length  of  time  at  about  the  same  rate  of  speed  as  before  they  left 
the  tube. 

It  may  be  of  interest  to  note  the  api)roximately  parabolic  form  of 
this  curve. 

E.  KuicHLiNG,  M.  Am.  Soc.  C.  E. — The  description  and  record  of 
the  experiments  made  by  Mr.  Freeman  constitute  an  important  and 
valuable  contribution  to  the  subject  of  practical  hydraulics  ;  and  as  the 
array  of  facts  presented  is  exceedingly  numerous  and  relates  to  a  variety 
of  distinct  investigations,  a  long  period  of  time  would  be  required  to 
give  to  each  one  of  these  investigations  the  careful  study  which  legiti- 
mate criticism  involves.  In  the  absence  of  opportunity  to  devote  more 
than  a  few  hours  at  the  present  time  to  a  review  of  the  paper,  the  follow- 
ing remarks,  relating  only  to  the  subject  of  the  loss  of  pressure  by  fric- 
tion in  rubber  fire  hose,  are  offered. 

To  many  persons  the  knowledge  of  the  physical  laws  which  govern 
the  results  of  a  series  of  experiments  is  of  far  more  interest  than  the  long 
array  of  figures  and  tables  necessarily  attendant  upon  all  investigations 
of  the  character  under  consideration.  These  laws,  when  exi^ressed  in 
the  condensed  form  of  a  general  equation,  are  generally  far  more  con- 
venient for  an  engineer's  ordinary  use  than  a  long  table,  which  occupies 
much  room  in  a  note-book  and  requires  a  long  time  to  copy.  By  means 
of  the  equations,  moreover,  valuable  comparisons  with  other  similar 
expressions  can  be  instituted  with  ease  and  brevity,  thereby  facilitating 
the  discovery  of  errors  on  the  one  or  the  other  side.  To  illustrate  this 
l^oint  it  may  be  said  that  the  law  governing  the  loss  of  pressure  by  the 
friction  of  the  water  in  its  passage  through  fire  hose  can  approximately 
be  expressed  by  an  equation  of  the  following  general  form: 

(1)  P^aQ^;    or     §  =  6Vp.  _    (2) 

where  [p)  denotes  the  loss  of  pressure  in  pounds  i^er  square  inch  by 
friction  in  every  length  of  100  feet  of  fire-hose;  ( Q)  denotes  the  discharge 
through  such  hose  in  gallons  per  minute,  and  (a  and  b)  certain  em- 
pirical constants  deduced  from  the  results  of  the  experiments,  and 
dependent  upon  the  diameter  and  quality  of  the  hose  used.     In  the 

foregoing  expression  &=    /_,   and  the  other  elements  are  taken  for 

\  a 
convenience  in  the  same  terms  given  in  the  tables.     The  above  formulas 
exj)ress  that  the  friction  loss  in  pressure  varies  with  the  square  of  the 
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discharge,  or  that  the  discharge  varies  with  the  square  root  of  the 
friction  loss  in  pressure,  the  exact  numerical  values  depending  upon  the 
value  of  (a)  found  by  trial.  In  this  compact  form,  the  results  of  a  vast 
amoimt  of  labor  performed  by  the  author  can  be  made  iiractically 
availal)le. 

To  find  whether  the  experimental  results  obtained  by  the  author  iu 
the  above-named  subject  are  in  accordance  with  the  general  law  jiist 
enunciated,  we  may  deduce  the  value  of  the  co-efficient  (a)  or  [b]  by  sub- 

p 
stituting  the  measured  values  of  (p)  and  {Q)  in  the  expressions  a  =  --^ 

and  if  the  deduced  value  is  substantially  the  same   in 


or,  b  = 


Vp 


every  instance,  it  may  be  concluded  that  the  said  law  has  been  estab- 
lished. Taking  the  case  of  experiments  No.  21  to  31  inclusive,  contained 
in  Table  No.  5,  page  342,  which  were  made  with  Sample  K  oi  2^-inch 
woven  cotton,  rubber-lined  mill  hose,  having  an  average  internal 
diameter  of  2.53  inches  with  an  average  water-pressure  of  49  pounds  per 
square  inch,  we  will  obtain  the  following  results: 

TABLE  A. 


1 

a 

3 

4 

5 

6 

No    of  Ex- 

Loss of  Pressure 
per  100  feet  of 

hose, 
(p)  pounds. 

Discharge iu 

Deduced  value 

Computed  value 

Computed 

periment. 

gallons  per  min- 

of co-efficient 

of  (Q)  with 

value  of  [Q)  by 

ute  [Q). 

(a). 

a  =  0.0004239. 

Formula  8. 

21 

1.12 

54.4 

0.00037846 

51.40 

48.81 

22 

2.63 

81.0 

0.00040083 

78.77 

b0.18 

23 

5.07 

108.7 

0.00042909 

109.36 

24 

6.83 

125.4 

0.00U43433 

126.93 

132.03 

25 

6.91 

126.8 

0.00042977 

127.68 

132.79 

26 

11.03 

159.1 

0.00043575 

161.31 

27 

14.87 

186.3 

0.00042843 

187.29 

28 

18.93 

211.3 

0.0U042399 

211.32 

215.60 

29 

22.29 

229.8 

0.00042210 

229.31 

232.52 

30 

24.88 

243.6 

0.00041927 

242.27 

244.53 

31 

28.06 

259.9 

0.00041541 

267.28 

258.34 

Average  of  entire  11  value8= 

0.00041977 

Average  of  last  10  values= 

0.00042390 

An  examination  of  these  values  of  [a)  in  the  fourth  column  of  the 
foregoing  table  shows  a  striking  uniformity  in  every  instance  except 
the  first;  and  if  we  consider  the  latter  as  being  affected  by  some  error 
of  observation,  the  average  of  the  ten  following  values  of  (n)  gives  : 
a  =  0.000  4239,  whence  Z>  =  48.570.  The  results  of  this  series  of  experi- 
ments may  therefore  be  expressed  by  the  formulas : 

(3)  j9  =  0.0004239  <2',     or     (2  =  48.57  v^^T  (4) 
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from  the  latter  of  which  the  values  of  ( Q)  routained  in  the  fifth  column 
of  the  table  were  computed,  for  the  sake  of  comparison,  with  the  actually 
observed  values  contained  in  the  third  column.  The  agreement  between 
these  values  of  {Q)  is  so  close  that  wc  may  now  regard  the  law  above 
stated  as  fairly  well  demonstrated,  and  that  for  the  particular  kind  of 
fire-hose  represented  by  sample  K,  the  loss  of  pressure  due  to  friction 
may  accurately  be  calculated  from  equation  3. 

It  may  also  be  of  interest  to  compare  the  above  results  with  those 
obtained  in  1877  at  Springfield,  Mass.,  by  Mr.  George  A.  Ellis,  G.  E.,  to 
which  the  author  has  referred.  The  details  of  these  latter  experiments 
are  by  no  means  as  completely  given  as  in  the  case  of  Mr.  Freeman's 
work,  and  the  record  of  the  essential  experiments  on  the  loss  of  pressure 
in  hose,  as  printed  in  Table  No.  6,  page  47,  of  Mr.  Ellis'  little  manual, 
gives  some  evidence  of  more  of  less  interpolation  and  modification  of 
the  actual  observations.  However,  taking  out  a  number  of  the  data 
therein  given,  and  following  the  same  course  pursued  above,  we  obtain 
for  the  2  J -inch  rubber  hose  specified: 

TABLE  B. 


1 

3 

3 

4 

5 

6 

No.  of  Ex- 
periment. 

Loss  of  pressure 

per  100  feet  of 

liose. 

[p)  pounds. 

Discharge  in 
gallons  per  min- 
ute  (Q). 

Deducecl  value 

of  co-efficient 

(a). 

Computed  value 

of  {Q)  with 
a  =  0.00036414. 

Computed 

value  of  {Q)by 

Formula  7. 

1 

1.40 

50.0 

0.00056000 

62.01 

55.98 

2 

2.51 

80.0 

0.00039219 

83.02 

80.05 

3 

4.34 

110.0 

0.00035868 

109.17 

109.02 

i 

7.90 

150.0 

0.00035111 

147.29 

149.57 

14.15 

200.0 

0.00035375 

197.13 

200.17 

(5 

22.40 

250.0 

0.00035840 

248.02 

249.58 

7 

32.65 

300.0 

0.00036278 

299.44 

297  01 

8 

44.90 

350.0 

0.000366.53 

351.15 

344.31 

9 

59.15 

400.0 

0.00036969 

403.04 

389.81 

Avera§ 

'e  of  last  8  values 

=  0.00036414 

By  rejecting  the  first  of  the.se  data,  we  obtain  an  average  value  for 
the  co-eflficient,  a  =  0.00036414,  whence  6  =  52.404,  so  that  according 
to  Ellis'  figures  we  should  have  for  said  fire-hose: 

(5)  p  =0.00036414  *2-^;     or     ^  =  52.404^^7  (6) 

It  will  accordingly  be  seen  that  for  the  same  discharge  {Q),  the  lo.ss  of 
pressure  by  friction  in  pounds  per  square  inch  per  100  feet  length  of 
hose  will  be  1.079  time?  greater  by  Mr.  Freeman's  figures  than  by  Mr. 
EUis'  data,  or  for  the  same  loss  of  pressure  {p),  the  discharge  will  be 
1.164  times  greater  by  Mr.  Ellis'  figures  than  by  Mr.  Freeman's. 

An  attempt  was  also  made  to  find  a  formula  which  would  represent 
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the  law  governing  the  loss  of  pressure  by  friction  in  such  hose  some- 
what more  accurately  than  by  the  expression  Q^^b  \/  p,  especially 
within  the  range  of  discharges  usually  observed  in  practice.  In  the  case 
of  Mr.  Ellis'  data,  the  writer  found  that  the  formula 

4   1  2 

§  =  191.88^/7^(1.2332^1^  —  1)  (7) 

would  give  the  results  exhibited  in  column  6  of  Table  B,  which  agree 
much  more  closely  with  the  alleged  actual  observations  in  the  third 
column  of  said  table,  between  the  limits  §  =  80  and  §  =  250,  than  the 
computations  obtained  from  equation  6.  A  similar  process  of  deduction 
applied  to  Mr.  Freeman's  data  in  Table  A  gives 

4  1  2 

§  =  162.98  n/_p  (1.279  y^j-l)  (8) 

which  yields  the  values  contained  in  the  sixth  column  of  said  Table  A. 
The  agreement  between  these  values  and  the  recorded  observations  is 
not  as  good  as  when  equation  4  is  used,  and  hence  we  may  infer  that 
equation  8  fails  to  express  properly  the  law  governing  the  loss  of  press- 
ure due  to  friction .  This  inference  is  further  warranted  by  the  failure 
of  a  formula  similar  to  equations  7  and  8,  to  agree  with  the  results  of 
experiments  with  iron  pii^es,  and  the  form  of  expression  is  alluded  to 
here  simply  because  it  fits  the  Ellis  tables  much  closer  than  any  of  the 
others  which  the  writer  tried  to  apply  in  the  course  of  a  long  examina- 
tion of  said  data;  but  as  Mr.  Freeman's  careful  experiments  now  clearly 
Ijoint  out  that  the  law  relating  to  the  flow  of  water  through  fire-hose  is 
the  same  as  that  jDcrtaining  to  flow  in  other  pipes,  there  is  no  occasion 
to  resort  to  siach  complex  formulas  as  those  last  mentioned. 

With  reference  to  the  height  of  jets,  it  may  be  of  interest  to  mention 
briefly  the  following  few  observations  made  with  unusually  large  vertical 
streams  during  the  official  trial  of  the  pumping  machinery  of  the 
Rochester,  N.  Y.,  Water-works,  on  February  18th,  1874: 


Diameter 

0    orifice  of 

ring 

nozzle. 

Pressure  in 

16-in  main 

at  base  of 

nozzle. 

Pounds  per 
square    inch 

Discharge 

in   gallons 

per 

minute. 

Vertical 

height  of 

Jet  in  feet 

above  street 

surface. 

Eemakks. 

2  inches. 

160 

121.5 

210.34 

(Three  lines  of  2>^inch  fire  hose  from 
\  two  hydrants  to  Siamese  coupling 
(     and  play-pipe. 

3 

170 

2  778 

285.98 

f  Height  measured  by  vertical  angles 
J  from  three  diflfcro  it  stations  with 
'  diilerent  instruments  and  observers. 
y     Figures  are  averages. 

4 

165 

4  938 

294.40                   Do.                                 do. 

5 

120 

6  463 

256.80                  Do.                                 do. 
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The  pressures  iu  tlie  second  cohiinn  of  the  foregoing  Table  are  the 
averages  of  frequent  observations  on  a  Bourdon  gauge,  while  each  ex- 
periment was  in  progress,  t'le  gauge  being  located  directly  on  the  street 
main,  and  at  one  end  of  thtf  16  X  10-inch  branch  to  which  the  vertical 
play-pipo  was  attached.  According  to  the  writer's  recollection,  the 
variation  of  the  pressure  gauge  during  the  trials  was  comparatively 
slight,  not  exceeding  a  very  few  pounds.  The  discharge  was  estimated 
from  the  number  of  strokes  made  per  minute  by  the  pumps,  as  deter- 
mined by  counters,  and  probably  contains  only  a  small  allowance,  if 
any,  for  slip.  The  jDlay-pipe  for  the  3,  4  and  5-incli  streams  was  about 
7  feet  in  length,  and  that  for  the  2-inch  stream  was  about  5  feet  long. 
All  of  the  nozzles  were  provided  with  rings  at  the  mouth.  The  observed 
heights  refer  to  the  extreme  jets  of  solid  water,  as  the  spray  was  almost 
invisible  through  the  telescopes.  A  4-inch  stream  was  also  thrown, 
under  an  inclination  of  about  40  degrees  from  the  horizon,  to  a  distance 
of  465  feet,  measured  along  the  level  street.  It  is  greatly  regretted 
that  more  precautions  to  insure  a  higher  degree  of  accuracy  for  the  above 
data  were  not  taken  at  the  time,  and  therefore  they  can  only  be  regarded 
as  approximations  so  far  as  pressure  and  discharge  are  concerned.  For 
this  reason,  also,  no  attempt  was  made  by  the  writer  to  compare  the 
observed  heights  with  the  results  obtained  from  the  various  formulas 
then  available. 

There  is  evidently  a  vast  amount  of  exceedingly  valuable  material  in 
Mr.  Freeman's  paper,  and  it  is  earnestly  hoped  that  he  may  be  induced 
to  supplement  his  present  work  by  a  digest  of  the  various  analyses  and 
mathematical  investigations  to  which  he  has  called  attention. 

I  am  highly  pleased  with  the  elegant  exposure  of  the  fallacy  of  the 
superiority  of  the  ring  nozzle  and  the  undercut  nozzle,  as  I  have  never 
been  able  to  see,  either  from  theory  or  practice,  wherein  their  alleged 
superiority  lies,  yet  nearly  every  mechanic  and  fireman  whom  I  have 
met  in  this  country  insists  that  the  ring  or  the  undercutting  is  a  vast 
improvement  over  the  smooth  bore.  The  question  of  size  of  hose  is 
also  of  immense  importance  and  significance,  and  I  rejoice  to  see 
another  champion  enter  the  lists  to  battle  for  3-inch  hose,  whose  use  in 
communities  where  the  buildings  are,  with  few  exceptions,  highly  in- 
flammable, and  where  the  water  pressure  available  is  light,  would  be 
sure  to  effect  a  great  reduction  in  the  annual  losses  by  fire. 

Mr.  Freeman. — The  fact  brought  out  by  Mr.  Kuichling's  Table  A, 
that  the  friction  loss  varies  almost  exactly  as  the  square  of  the  velocity 
is  illustrated  in  what  seems  to  me  a  more  clear  and  striking  manner  by 
the  plottings  of  Fig.  48,  where  the  full  lines  are  the  curves  of  observa- 
tions, and  the  dotted  lines,  which  coincide  so  closely  with  them,  are 
mathematical  curves  of  squares. 

Eeferring  to  the  equation  with  twelfth  roots,  which  Mr.  Kuichling 
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SO  ingeniously  devised  to  fit  the  Ellis  Experiments,  I  fully  coincide  with 
the  view  implied"  by  Mr.  Kuichling,  that  the  complex  form  was  not  due 
to  any  hydraulic  law  so  much  as  to  attempting  to  provide  an  equation 
which  should  fit  errors  of  observation. 

As  to  the  exjjeriments  on  Jets,  presented  by  Mr.  Kuichling,  with  the 
statements  tliat  he  regarded  them  only  as  somewhat  roughly  ajDproxi- 
mate,  I  have  thought  it  worth  while  to  compare  them  with  the  jet 
formula  of  page  392  (using  di  =2  for  jets  more  than  2  inches  in  diameter) 
and  obtain  the  foUowiupr  results: 
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2  639 

170 

.75 

2.61 

289 
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4 

4  692 

165 

.77 

2.48 

283 

294 

-11 

5 

6  140 

120 

.75 

4.35 

225 

257 

-(-22 

In  the  first  experiment,  though  description  is  vague,  probably  the 
discrepancy  is  mainly  due  to  friction  loss  in  the  three  lines  of  hose 
leading  to  Siamese.  In  the  last  three  experiments  the  fact  that  height 
of  solid  water  rather  than  extreme  drops  was  observed  tends  to  offset 
friction  loss  between  gauge  and  nozzle,  but  with  such  large  jets  the  ex- 
treme drops  do  not  rise  much  higher  than  the  main  body  of  water. 

The  coefficient  of  discharge  found  (0.76)  is  about  what  would  be 
expected  from  a  ring  nozzle  where  the  ring  was  of  an  ordinary  thicknes?, 
namely,  one-twentieth  part  of  diameter  of  nozzle  (see  Fig.  46,  page  335). 
However,  since  co-efficient  of  contraction,  force  of  wind,  loss  of  i^ressure 
by  friction  between  gauge  and  nozzle,  and  elevation  of  gauge  relatively 
to  orifice  are  not  known,  Ave  must,  as  Mr.  Kuichling  implies,  not  attach 
too  much  weight  to  these  experiments,  but  can  regard  them,  I  think, 
as  confirming,  and  in  no  wise  contradicting,  the  formula  presented  in 
the  pajjer. 

G.  F.  Swain,  Assoc.  Am.  Soc.  C.  E. — The  paper  by  Mr.  Freeman 
seems  to  me  to  be  a  very  ftni)ortant  contribution  to  the  science  of 
hydraulics,  particularly  as  it  discusses  with  great  completeness  a  branch 
of  the  subject  regarding  which  experimental  data  have  hitherto  been 
very  meagre. 
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I  have  been  particularly  struck  ■with  the  care  that  has  been  taken  to 
state  clearly  in  every  case  the  probable  limits  of  error  of  the  observa- 
tions. I  think  this  is  a  matter  deserving  of  imitation,  as  it  is  not 
uncommon  for  experimenters  to  deceive  themselves  as  well  as  their 
readers  by  attributing  to  the  results  of  experiments  an  accuracy  not 
warranted  by  the  experiments  themselves. 

The  experiments  on  the  discharge  of  nozzles  are  very  interesting  to 
me,  as  showing  that  the  co -efficient  of  discharge  and  range  of  jet  are 
practically  independent  of  the  particular  shape  of  the  surface,  but  that 
they  will  be  nearly  the  same  for  any  smooth,  well-made  nozzle,  either 
conical  or  with  any  curved  shape  in  which  the  curve  is  gradual  and 
easy,  and  such  as  to  avoid  as  far  as  possible  any  losses  of  head  ;  thus 
confirming  the  experimental  results  which  have  been  found  in  the  test- 
ing of  turbine  wheels,  in  which  the  precise  shape  of  the  buckets  is 
found  to  be  practically  of  small  importance,  as  is  observed  by  Mr. 
Freeman.  With  a  given  head  at  base  of  play-pii^e,  the  only  thing  that 
can  affect  the  co-efficient  of  discharge  is  the  loss  of  head  between  the 
jiiezometer  and  the  nozzle  orifice,  and  it  is  not  at  once  evident  just  how 
any  difference  in  the  form  of  the  curve  will  affect  this  loss.  As  the 
author  gives  no  formulas,  it  may  not  be  out  of  place  to  give  here  the 
exisression  for  the  loss  of  head  between  the  piezometer  and  the  nozzle 
orifice,  in  terms  of  the  co-efficient  of  discharge. 

If  V  is  the  mean  velocity  through  the  nozzle  orifice,  Vq  that  past  the 
piezometer  orifices,  A  and  Aq  the  areas  of  the  current  at  these  two 
points,  O  the  loss  of  head  between  these  points,  th  the  co-efficient  of 
discharge,  and  7i  the  head  of  the  piezometer,  above  the  level  of  the 
nozzle  orifice,  then  we  have,  as  is  well  known. 


2g  (li-Q) 

V  = 


The  actual  discharge  is,  therefore, 


,  =  ..=.  ^^^f=f. 


-(!)■ 


What  is  termed  the  "theoretical  discharge,"  or  that  in  which  0  is 
neglected  is. 


2  gh 


(i)^ 
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Hence       m  =  ^     ^= 


m  :=- 


-  -  ,  1-4- 

or     O  —  h  {  1—m^) 

Theoretically,  therefore,  the  value  of  m  shoald  vary  Avitli  the  same 

nozzle  unless- —  is  constant.     It  might  be  of  some  interest  to  discuss 

from  these  observations  the  relations  between  m,  G  and  h,  for  the 
different  nozzles  used,  but  it  will  not  be  here  attempted.  It  may  be 
noticed,  however,  that  the  data  on  pages  328  and  329  show  that  for  the 
nozzle  B,  for  instance  (as  well  as  for  others),  the  loss  of  head  0  is 
less  than  for  any  of  the  "uniform  accelleration  "  nozzles,  since  for  B 
the  value  of  m  is  greater,  even  for  the  same  or  for  smaller  values  of  h. 

The  result  arrived  at  by  Mr.  Freeman,  that  extreme  accuracy  may  be 
obtained  in  the  measurement  of  water  by  means  of  nozzles,  strikes  me 
as  of  great  j^ractical  importance,  and  one  that  should  bear  rich  fruit.  If 
the  accuracy  obtained  by  the  use  of  a  nozzle  is  as  great  as  that  which 
can  be  obtained  by  the  use  of  a  weir,  there  can  be  no  question  that  the 
former  method  is  in  very  many  cases  preferable,  and  it  cei'tainly  seems, 
as  Mr.  Freeman  sa;ys,  to  offer  an  easy  means  of  testing,  as  often  as  may 
be  desired,  and  with  very  little  trouble,  the  performance  of  a  pumping 
engine.  It  is  to  be  hoped  that  Mr.  Freeman  may  be  able  to  suggest 
convenient  means  by  which  this  method  of  measurement  may  be  easily 
and  accurately  used  in  the  case  of  pumping  engines  of  large  capacity. 

The  experiments  of  Mr.  Freeman  upon  flow  of  water  through  fire 
hose  are  of  much  interest  to  me,  and  the  ingenious  expedient  of  taking  a 
plaster  cast  of  the  interior  of  the  hose  is  the  first  attempt  that  I  can  now 
recall  to  give  a  precise  idea  of  the  degree  of  roughness  in  a  pipe.  It  is 
a  matter  of  some  speculative  interest,  how  far  it  is  the  degree  of  rough- 
ness alone  which  affects  the  flow  of  water  in  pipes,  and  how  far,  if  at 
all,  it  is  anything  in  the  nature  of  the  material  itself,  which  may  affect 
the  flow  by  influencing  the  adhesion,  or  in  some  other  way. 

The  result  of  the  experiments  on  curves,  namely,  that  the  loss  of 
head  was  greater  with  large  than  with  small  radii,  is  anomalous,  and  a 
larger  number  of  experiments  than  were  here  made  would  be  necessary 
to  establish  it  conclusively.  A  careful  study  of  these  experiments, 
which  I  have  not  yet  had  time  to  make,  might  indeed  suggest  some 
explanation  of  the  anomaly. 

The  experiments  on  jets  appear  to  me  to  be  Avithout  doubt  the  best 
that  have  ever  been  made,  in  this  or  any  other  country  ;  and  an 
especially  valuable  point,  it  seems  to  me,  is  that  the  distinction  is  here 
made,  for  the  first  time,  between  the  range  of  the  extreme  drops,  and 
the  range  as  a  "  good  fire  stream,"  uncertain  though  the  latter  is.  The 
"  jet  diagram  "  (Fig.  63)  is  a  very  compact  and  ingenious  means  of  rep- 
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resenting  the  results  of  the  exiJeriments,  and  it  is  only  to  be  regretted 
that  more  data  were  not  obtained,  in  order  that  the  curves  shown  might 
be  more  accurately  defined.  As  it  is,  many  of  them  apjiear  to  rest  on 
three  observations  simply.  The  experiments  on  the  distribution  of 
velocity  in  jets  are  of  great  interest,  and  the  agreement  between  the 
theoretical  velocity  aud  the  measured  velocity  in  the  center  of  the  jet 
appears  very  close.  I  may  venture,  however,  to  call  attention  to  the 
fact  that  there  are  two  circumstances  which  may  alter,  perhaps  materi- 
ally, the  figures  in  the  column  of  diiferences  on  page  414.  One  is  that 
in  correcting  for  velocity  past  piezometer  the  actual  discharge  has  been 
used  instead  of  the  theoretical,  as  should  strictly  be  the  case;  the 
"theoretical  velocity"  being  thereby  decreased,  although  by  a  very 
small  amount — an  amount,  however,  which  w-ould  probably  be  material 
compared  with  the  small  values  in  the  column  of  differences.  The  other 
is  that  the  co-efficient  of  the  Pitot  tube  has  been  assumed  as  unity, 
w  hereas  it  has  commonly  been  supposed  to  be  somewhat  less.  There 
does  not  appear  to  be  any  theoretical  reason,  however,  why  there 
should  be  any  perceptible  or  considerable  loss  of  head  in  the  center  of 
the  jet,  within  the  distance  considered,  at  least  with  a  form  of  nozzle 
which  would  not  cause  internal  disturbances,  or  throw  toward  the 
center  the  slower-moving  water  near  the  edges  of  the  tube;  and  these 
experiments  (especially  the  extraordinarily  close  agreement  between  the 
measured  and  computed  co-efficients  of  discharge,  on  page  418)  may  be 
looked  upon,  as  Mr.  Freeman  says,  as  proving  very  satisfactorily  that 
the  co-efficient  of  the  instrument  was  unity,  or  very  near  it.  The  table 
on  page  414  shows  a  greater  difference  between  the  theoretical  velocity 
and  actual  velocity  in  center  of  jet  in  the  case  of  the  uniform  accelera- 
tion nozzle  than  for  any  other,  thus  indicating  a  greater  loss  of  head, 
and  corresponding  to  the  result  on  page  472  of  this  discussion.  This  may 
perhaps  be  due  to  the  fact  that  the  shape  of  the  nozzle  is  such  as  to  tend 
to  throw  toward  the  center  the  more  slowly-moving  water  near  the 
periphery.  The  same  thing  might  b3  considered  to  be  indicated  by  the 
form  of  the  curve  of  distribution  of  velocity  for  this  nozzle. 

Altogether,  I  think  it  would  be  difficult  to  overrate  the  importance 
and  interest  of  the  experiments  described  in  this  paper. 

Mk.  Freeman. — With  reference  to  the  point  raised  by  Professor 
Swain  that  a  larger  number  of  experiments  is  needed  to  establish  that 
the  loss  of  head  due  curves  of  a  given  total  angle  of  curvature  was 
greater  for  large  radii  than  for  small,  I  would  say  that  I  think  there  is 
almost  no  doubt  w'hatever  but  that  this  w'as  a  fact  within  the  limits  of 
these  experiments ;  but  yet,  of  course,  I  believe  that  as  radius  of  curve 
became  smaller  than  ten  times  diameter  of  pipe,  a  point  would  soon  be 
reached  when  loss  Avould  increase  shai'ply  with  a  further  diminution  of 
radius  of  curve.     The  inexpansible  aud  excellent  hose  used  was  much 
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better  tlian  any  metallic  pipe  for  the  purpose  of  this  delicate  measure- 
ment, as  the  surface  for  the  diflferent  radii  was  identical  and  the  change 
from  one  radius  to  another  was  made  with  water  flowing  imder  full 
pressiire,  and  required  but  a  very  short  time. 

When  I  at  first  obtained  the  results  referred  to  I  could  not  credit 
them  myself,  so  about  two  weeks  later  I  rearranged  my  apparatus, 
taking  all  precautions  that  could  be  devised  to  reduce  errors  of  obser- 
vation to  a  minimum.  These  experiments  (see  page  363,  September 
24th)  told  the  same  story  as  before;  and  though,  after  considering  the 
130ssible  limits  of  error  at  every  step,  I  could  see  no  reason  to  doubt 
the  figures,  yet  in  the  effort  to  remove  all  doubts  I  tried  another  set  of 
experiments  on  the  next  day  with  still  a  diiferent  kind  of  hose,  and  for 
the  third  time  found  that  the  loss  in  this  2^ -inch  pipe  was  greater  with 
4  feet  radius  than  with  3  feet,  and  greater  with  3  feet  radius  than  with 
2  feet.  The  loss  even  for  the  2-foot  radius  is  extremely  small  even  with 
the  velocity  of  20  feet  per  second,  and  this  experiment  is  mainly  of 
theoretical  interest  in  illustrating  that  above  a  certain  radius  the  length 
of  a  curve  becomes  a  more  potent  element  than  the  sharjaness  of  the 
deflection. 

I  am  glad  Professor  Swain  called  attention  to  that  question  of  specu- 
lative interest — how  far  it  is  the  degree  of  roughness  alone  which  affects 
the  flow,  and  how  far  the  material  of  the  pipe  by  its  adhesion,  etc. — for 
it  seems  to  me  these  experiments  indicate  that  it  is  almost  wholly  a 
matter  of  the  roughness  of  the  material. 

The  experiments  show  a  great  range  of  co-efficients  of  flow  with 
one  material — India  rubber — in  various  degrees  of  roughness,  and  the 
smoothest  of  these  surfaces  gives  results  which,  as  I  now  recall  the  com- 
parison, do  not  differ  very  materially  from  those  found  with  j)ipes  of 
glass  and  lead,  so  far  as  may  be  judged  from  the  few  experiments  on 
record  for  anywhere  near  this  same  diameter  and  velocity.  If  there 
were  on  record  some  experiments  on  pipes  of  lead  and  glass  of  2^ -inch 
diameter,  with  velocities  of  about  15  feet  per  second,  there  would  be 
great  interest  in  comparing  the  results. 

Professor  I.  P.  Church. — It  is  with  considerable  diffidence  that  I  ven- 
ture to  send  anything  in  the  way  of  criticism  on  the  Fire  Stream  paper, 
from  the  necessary  haste  with  Avhich  I  have  looked  it  over.  I  could  not 
fail  to  be  impressed,  however,  with  the  care  and  thoroughness  observed 
in  the  conducting  of  the  experiments,  and  the  pains  taken  to  make  a  defi- 
nite showing  of  the  degree  of  roughness  of  the  interior  surface  of  the 
hose.  The  Pitot  tube  results  are  extremely  interesting,  and  I  hope  may- 
be succeeded  by  others  in  which  the  form  and  size  of  the  point  receiving 
the  impact  will  be  varied  in  different  ways.  Taken  all  in  all,  this  series 
of  experiments  certainly  constitutes  a  very  important  contribution  to 
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hydraulic  science,  to  say  nothing  of  its  practical  value  to  those  interested 
in  the  actual  use  of  fire  streams. 

A  theoretical  poiut  occurs  to  me,  as  it  did  also  in  perusing  the  results 
of  Mr.  Herschel's  paper  on  the  Venturi  water-meter,*  connected  with  the 
computation  of  the  theoretical  jet  velocity  due  to  j^ressure  at  base  of 
play-pipe.  It  may  seem  hyjiercritical  to  mention  it,  as  its  influence  on 
Mr.  Freeman's  co-efficients  for  nozzles  would  be  hardly  appreciable, 
but,  if  I  remember  rightly,  some  of  the  values  in  one  of  Mr.  Herschel's 
columns  would  be  sensibly  affected. 

In  the  following  figures  let  p  and  pn  be  the  observed  j^iezometer 
px'essi;res  at  the  positions  r  and  n,  y  the  weight  of  a  iinit  of  volume  of 
water,  and  h  the  height  of  the  water  barometer.  A  represents  a  longi- 
tudinal section  of  the  Yenturi  meter  and  B  that  of  a  play-pipe  and  nozzle. 
Of  course  in  B  the  piezometer  pressure  at  n  is  zero. 


B 


n 


Vr  and  Vn  denoting  the  velocities  at  the  tw^o  jDositions  (at  the  same  level), 
the  principle  of  Bernoulli  tells  us  that  with  no  source  of  resistance  be- 
tw^een  r  and  n  we  have 

h*+-7T— = ho+T^  for  ^;  and \-b+-^r-—0+b-\-Tr-  for  B       (It 


*  Transactions,  Vol.  XVII,  p.  228,  November,  1887. 
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It  is  required  to  compute  tlie  tlieoretieal  value  (i.  e.,  tlie  value  if 
there  were  no  loss  of  head  between  r  and  n)  of  ^n,  from  the  observed 
pressures.  Equation  (1)  contains  not  only  v„  but  Vr.  But  Vr  is  con- 
nected with  Vn  by  the  relation  Fr  Vr  =  Fn  Vn,  {Fn  and  Fr  are  sectional 
areas). 

Fn 

Hence,  putting  ^=p  Vn  for  Vr,  we  have 
■t  r 

L       1  [^J^TZl^ior  A; 

vn  =  \i^_/Fnysi^Lr       r -J 


and,   for  B,  Vn  =     \ - ka-^ 


(2) 


It  seems  to  me  that  a  value  of  Vn  thus  computed — by  equation  (2) — is 
more  strictly  deserving  of  the  name  "  theoretical  velocity  "  than  one  based 
on  the  relation  (used,  I  think,  both  by  Mr.  Freeman  and  Mr.  Herschel) : 


(3) 


where  Vr  is  the  actual  or  experimental  value  of  the  velocity  through 
section  r.      For,   if  Vn  =  the  measured  or  actual  velocity  of  the  jet 

Fr  Vr 


Fn 


it  follows  from  (3)  that 

1 


--Mf^^S^-fl'-^^ 


y        w 


ana»„=^2g[^+(^")=^']forB. 


In  other  words  we  are  using  the  measured  value  of  vn  to  compute  the 
"theoretical  value !  " 

The  point,  therefore,  is  this,  it  seems  to  me:  Theory  is  abundantly 
competent  to  find  the  "theoretical "  Vn  with  no  measurements  save  those 
of  pressure  and  sectional  areas.  Does  it  not,  therefore,  savor  somewhat 
of  "begging  the  question"  to  employ  in  its  computation  the  measured 
value  Vn  or  a  quantity  having  a  fixed  relation  to  that  measured  value 
and  obtained  from  it  ? 

If  it  be  then  represented  that  the  play-pipe  takes  the  velocity  as 
transmitted  to  it  from  the  adjacent  up-stream  parts,  it  must  be  remem- 
bered that  the  velocity  at  any  section  of  a  pipe  in  which  a  steady  flow  is 
proceeding  depends  on  all  the  features  of  the  whole  line  of  pipe  from 
reservoir  to,  and  including,  the  nozzle,  so  that  a  change  in  the  resistance- 
character  of  a  single  part  affects  the  velocities  in  all. 

In  the  case  of  a  nozzle  or  Venturi  meter  of  such  design  as  to  cause 
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considerable  loss  of  head  between  r  and  n,  it  seems  clear  that  the  value 

.  Fn  Vn 

of  the  co-emoient-T:^ >  or  ratio  of  the  actual  to  the  theoretical   dis- 

r  n  Vn 

charge,  with  vn  comijuted  from  equation  (2),  would  be  quite  differeut 
from  that  based  on  vn  as  obtained  from  (3)  or  (4).  In  case,  then,  this  co- 
efficient is  to  be  taken  as  a  measure  of  the  efficiency  of  the  apparatus 
used,  it  would  seem  that  the  former  procedure  is  to  be  preferred  (2). 

As  before  remarked,  this  criticism  may  seem  quite  out  of  place  as 
applying  to  Ax.  Freeman's  nozzles,  most  of  which  offered  so  little  loss 
of  head.  It  is  made  simply  to  bring  up  the  question  as  to  what  should 
properly  be  termed  the  "  theoretical  velocity  "  of  the  jet,  at  n,  in  such  a 
case. 

Mr.  Fkeeman. — Professor  Church's  point  appears  well  taken,  but, 
as  he  intimates,  the  error  actually  introduced  is  practically  inai)precia- 
ble.  It  will  be  noted,  however,  that  in  formula  1  of  the  ai^peudix  the 
expression  is  given  in  its  true  form. 

Edmund  B.  Weston,  M.  Am.  Soc.  C.  E. — I  have  been  very  much 
IDleased  and  gratified  by  reading  Mr.  Freeman's  instructive  and  valuable 
Ijaper. 

The  value  of  n  in  the  expression  v^n  (rs)!,  given  in  Table  No.  7 
of  this  paper,  is,  as  deduced  from  my  general  formula*  116.4,  which  is 
almost  exactly  equal  to  the  average  of  the  results  given  in  the  same  table 
that  were  obtained  with  hose  designated  by  the  letters  D  and  E. 

Then  I  find  that  the  average  of  the  co-efficients  of  discharge  given 
in  Table  No.  1,  which  were  determined  from  exiieriments  made  with 
smooth  nozzles  f,  i,  1,  li,  l-j-  and  1.55  inches  in  diameter,  is  0.976, 
while  the  average  of  those  deduced  by  myself  from  experiments  made 
with  smooth  nozzles  ^,  1  and  l-g-  inches  in  diameter,*  is  0.971;  also  that 
the  average  of  the  co-efficients  of  discharge  given  in  Table  No.  3, 
which  were  determined  from  experiments  made  with  square  ring- 
nozzles  1^  and  \\  inches  in  diameter,  is  0.74,  while  the  average  of  the 
results  that  I  deduced  from  experiments  made  with  square  ring  nozzles 
t,  1  and  1^  inches  in  diameter*,  is  0.721. 

I  have  made  a  few  comparisons,  which  are  shown  in  the  following 
table,  of  some  discharges  which  I  had  at  hand,  that  were  calculated  by 
my  formula  f  for  1  inch  smooth  nozzles  connected  to  2\  inch  rubber 
hose  of  different  length*,  with  some  of  the  discharges  for  1  inch  smooth 
nozzles  connected  to  the  best  quality  of  rubber  hose,  given  in  Table  A. 

*  Transactions  American  Society  of  Civil  Engineers  (Vol.  XIII,  November,  1884). 

t  In  order  to  obtain  the  hydrant  pressure,  to  correspond  to  my  discharges,  I  added  to 
the  h  given  in  my  formula,  1.5  times  the  theoretical  head  due  to  the  velocity  of  the  water 
flowing  in  the  2}^  inch  gauge  coupling,  1.5  being  a  factor  that  I  deduced  from  experiments 
made  witji  a  Providence  Water  Works  hydrant,  a  number  of  years  since. 
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Hydrant 

Pressure,  t 

Length  of  Hose. 

Gallons  Discharge  per  Minute. 

Pounds. 

Feet. 

Feet. 

Weston. 

Freeman. 

Per  Cent. 

40. 

92.4 

50 

172.5 

174.0 

99 

98. 

231.4 

50 

267.5 

274.0 

98 

50. 

115.5 

100 

184.0 

186.0 

99 

100. 

231.0 

100 

261.0 

263.0 

99 

43. 

99.3 

200 

158.0 

161.0 

98 

94. 

217.1 

200 

233.0 

•237.0 

98 

46. 

106.3 

400 

143.0 

147.0 

97 

92. 

212.5 

400- 

202.0 

208.0 

97 

30. 

69.3 

1000 

88.0 

93.0 

95 

90. 

207.9 

1000 

153.0 

161.0 

95 

t  See  foot  note  previous  page. 


As  will  be  seen,  tlie  average  of  the  results  in  this  table  computed  by 
my  formula  is  only  2.5  per  cent,  less  than  the  average  of  those  of  Mr. 
Freeman. 

I  consider  the  close  agreement  between  the  results  of  Mr.  Freeman's 
investigations  and  my  own  in  all  of  the  preceding  comparisons  that  I 
have  mentioned  remarkable,  especially  as  I  used  hose  that  had  been 
some  time  in  service,  and  nozzles  that  were  selected  from  general  stock 
that  were  not  made  by  the  same  manufacturers  as  those  used  by  Mr. 
Freeman. 

I  quite  agree  with  Mr.  Freeman's  idea,  that  nozzles  on  some  occasions 
can  be  more  advantageously  used  than  weirs  for  accurately  measuring 
small  quantities  of  water.  My  formulas  have  been  very  frequently  used 
since  1877  in  the  Water  Department  of  the  City  Engineer's  office  in 
Providence  for  this  purpose. 

Mr.  Freeman,  while  giving  me  credit  for  accuracy,  infers  that  if  my 
general  formulas  had  been  more  conveniently  arranged  they  could  have 
been  more  extensively  used.  The  principal  object  that  I  had  in  view 
when  constructing  these  formulas  was  accuracy,  as  I  was  familiar  with 
one  or  two  simple  formulas  for  the  flow  of  water  through  rubber  hose 
and  nozzles  that  I  consider  the  reverse.  An  examination  of  my  for- 
mulas will  show  that  they  are  arranged  for  obtaining  direct  results  in 
cases  where  nozzles  are  attached  to  2^ -inch  hose,  or  when  the  "open 
butts"  consist  either  of  2\  or  2j-inch  couplings,  the  pressure  being 
oljtained  iu  the  usual  manner  by  connecting  a  pressure  gauge  to  the 
hose  near  the  hydrant  or  fire  engine. 

When  I  presented  the  results  of  my  researches  to  this  Society  in  1884, 
I  simply  did  so  in  order  to  give  engineers,  or  others  if  they  chose  to  make 
use  of  the  formulas,  an  opportunity  for  obtaining  results,  that,  in  my 
opinion,  could  be  relied  upon.  I  should  have  been  very  glad,  at  the 
same  time,  to  have  been  able  to  have  furnished,  in  addition  to  for- 
mulas, practical  tables,  l)ut  as  there  were  other  things  of  much  more 
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importance  that  required  my  attention  I  felt  that  I  could  not  devote  any 
more  time  to  the  subject. 

E.  Hebing,  M.  Am.  Soc.  C.  E. — I  should  like  to  call  attention  to 
some  facts  presented  in  the  paper  of  Mr.  John  E.  Freeman  on  Fire 
Streams.  Th" .  shows  a  thoroughness  in  getting  and  arranging  results 
for  which  tVd  profession  will  feel  greatly  indebted,  the  merit  of  Mr. 
Freeman's  work  being  enhanced  by  the  fact  that  the  exiieriments,  con- 
ducted in  a  very  careful  manner,  are  an  original  contribution  to  the 
knowledge  on  fire  streams,  and  one  which  I  think  will  put  the  subject 
on  a  scientific  basis. 

While  Mr.  Freeman  felt  temjited  to  devise  a  formula  from  the  results 
gained,  he  did  not  do  so,  i^referring  for  the  present  to  substitute  tables 
and  curves,  partly  because,  as  he  well  states,  they  are  more  convenient 
for  use  and  less  likely  to  be  used  far  beyond  the  limits  of  the  experi- 
ments from  which  they  were  derived. 

While  much  could  be  said  regarding  the  merits  of  the  paper,  I  will 
confine  myself  to  the  subject  of  the  effect  of  the  variation  of  the  degree 
of  smoothness  in  small  pipes,  as  Mr.  Freeman's  experiments  give  a 
valuable  contribution  to  this  subject.  On  page  358  he  records  the 
hydraulic  elements  for  each  expeiiment.  By  letters  A  to  L  he  indicates 
the  different  kinds  of  hose  used,  and  in  Fig.  47  shows  their  degree  of 
roughness  by  photographs  of  jilaster  casts. 

I  have  taken  the  co-eflScients  of  roughness  as  found  by  the  Gan- 
guillet  &  Kutter  formula  from  theu-  diagram,  and  found  them  to  be  as 
follows:     (See  table  on  next  page.) 

Any  one  comparing  the  co-eflScients  in  the  last  column  with  the 
photographs  of  the  respective  hose  will  have  a  clear  exhibition  of  the 
influence  of  roughness  upon  the  velocity  and  consequently  upon  the 
l^ressure  necessary  to  iDroduce  it,  and  also  of  the  numerical  value  for 
the  co-efficient  corresijonding  to  each  degree  of  roughness  illustrated. 

I  think  it  will  require  no  further  argument  than  a  glance  at  the  fol- 
lowing Plate  (Fig.  65),  which  is  slightly  re-arranged  from  that  of  Mr. 
Freeman,  to  con^-ince  any  one  that  a  formiila  for  the  flow  of  water  in 
IJipes  should  contain  a  variable  co-efficient  for  the  roughness  of  the 
Ijerimeter,  and  at  the  same  time  to  convince  him  of  the  usefulness  of 
the  Kutter  formula  in  this  respect,  even  granting  its  ha-vdng  a  number 
of  defects. 

From  the  illustration  it  might  ajipear  that  the  fourth  sample  was 
rougher  than  the  fifth,  yet  it  gives  a  smaller  co-efficient.  This  is  only 
apjiarent,  however,  because  the  former  has  a  surface  of  rubber  while 
the  latter  has  one  of  unlined  linen  with  its  unyielding  cords  and  fibers 
to  retard  the  water. 

Bazin's  experiments  in  a  small  trough  lined  with  canvas  give  a  higher 
co-efficient  of  resistance  than  in  the  above  case,  namely,  .0134  to  .0166 
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iusteatl  of  .0100.  This  diflference  is  jji-obably  due  jiartly  to  the  much 
higher  velocity  in  the  latter  case,  which  will  be  appreciated  by  observing 
the  variation  of  the  co-efficient  of  roughness  with  the  slope,  and  partly 
to  the  inii)erfectious  stUl  remaining  in  tlie  Kutter  formula,  as  already 
mentioned. 

Hamilton  Smith's  exjieriments  in  glass  i)ii3es  give  co-efficients  of 
roughness  of  .0068  to  .0073,  i.  e.,  less  than  the  smooth  rubber-lined  hose 
of  Mr.  Freeman's  sample  G,  as  might  be  expected.  The  numerous 
experiments  with  cast-iron  pipes  under  higher  velocity  show  co-efficients 
corresijonding  to  Mr.  Freeman's  samples  /,  /{"and  L. 

I  notice  that  these  gaugings  give  a  very  satisfactory  confirmation  of 
a  conclusion  I  reached  some  years  ago,  namely,  that  Kutter's  co-efficient 
of  roughness  decreases  as  the  slope  or  velocity  increases,  if  the  pipes 
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are  fairly  straight,  regular  and  smooth.  A  reA-ision  of  Kutter's  formula 
should  eorre(;t  this  feature,  as  the  co-efficient  of  roughness  ought  to 
remain  the  same  Avhatever  the  velocity  is. 

Mr.  Freeman. — My  thanks  are  due  to  Mr.  Heiing  for  his  kind  inter- 
est as  shown  by  the  care  which  he  has  taken  to  compare  these  experi- 
ments with  that  equation  of  most  remarkable  range  of  application,  the 
Kutter  formula. 

Most  earnestly  do  I  concur  in  his  conclusion  that  a  satisfactory 
' '  formula  for  the  flow  of  water  in  jiipes  should  contain  a  variable  co- 
efficient for  the  roughness  of  the  perimeter; "  but  while  the  Kutter  for- 
mula is  useful  in  this  respect  as  a  formula  for  pij)es,  and  inasmuch  as  it 
recognizes  this  jirinciple  is  a  long  step  in  the  right  direction,  yet  I  trust 
and  believe  that  we  shall  before  many  years  have  a  much  simpler  for- 
mula, designed  for  pipes  alone,  in  which  the  same  jsrinciple  shall  be 
incorporated. 

As  to  the  means  by  which  such  small  roughnesses  of  surface  are  able 
to  induce  such  powerful  effects  upon  the  friction  loss,  may  we  not  con- 
sider that,  instead  of  being  due  mainly  to  friction  of  the  water  ujDon  the 
l)ipe,  they  are  most  likely  due  to  the  ability  of  these  small  projections 
to  set  the  whole  stream  to  its  very  center  into  a  condition  of  turmoil  and 
minute  eddies,  just  as  a  single  stone  on  the  bottom  of  a  smooth  and  deep 
canal  is  sometimes  seen  to  prodiice  a  "  boiling  "  at  the  upper  surface? 

Future  experiment  must  determine  the  law  governing  the  influence 
of  projections  of  certain  size,  shape  and  arrangement  upon  the  flow  in 
pipes  of  various  size,  before  this  "  satisfactory  general  foi-mula  "  for  flow 
in  j)ipes  can  be  derived.  Other  experimenters  must  give  us  for  larger 
l^ipes  of  iron  plastic  rej)resentations  of  the  exact  degree  of  roughness 
corresi:)onding  to  a  given  co-efficient  of  flow,  or  something  analogous  to 
the  photographs  which  I  have  presented  in  Fig.  47,  as  pertaining  to  the 
more  humble  subject  of  fire  hose,  and  then  the  means  for  jaroperly 
designating  the  "variable  co-efficient  of  roughness"  in  a  general  for- 
mula for  flow  in  pipes  will  be  at  hand. 

But  yet  that  the  friction  loss  does  varj-  in  relation  to  the  velocity  by  a 
law  somewhat  diff'erent  from  the  simple  square  is  shown  by  the  inclina- 
tion of  the  plotted  lines  rejiresenting  the  values  of  n  in  Fig.  49,  page  356. 
These  variations  are  so  slight,  however,  that  it  is  clearly  shown  they 
may  be  disregarded  in  jn-actical  comiJutatious. 

In  reference  to  the  demonstration  that  ring-nozzles  have  no  special 
virtues,  to  which  Mr.  Kuichling  refers  with  approval,  I  may  mention 
that  since,  as  he  also  suggests,  so  many  men  firmly  believe  in  their 
merits,  T  took  care  to  have  some  competent  witnesses  to  this  test,  and 
so  one  day  when  Mr.  James  B.  Francis,  Mr.  Clemens  Herschel,  Mr.  E. 
B.  Weston  and  fifteen  or  twenty  other  gentlemen  skilled  in  these  mat- 
ters gave  me  the  honor  of  their  presence  at  a  demonstration  of  the  main 
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features  of  the  experiments,  we  rei^eated  the  jet  experiments  as  shown 
by  Figs.  54  and  55,  and  although  the  two  streams  followed  each  other 
very  closely,  yet  I  am  very  sure  that  no  one  present  would  claim  that 
either  the  square  ling,  under-cut  ring  or  uniform  acceleration-nozzles 
were  in  any  degree  better  than  the  plain  cone. 
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ON  THE  FRESH  WATER  ALG^  AND  THEIR  RE- 
LATION TO  THE  PURITY  OF  PUBLIC  WATER 
SUPPLIES. 


By  George  W.  Eafter,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 


It  has  been  my  pleasure  to  devote  the  most  of  my  leisure  for  the  last 
few  years  to  studying  questions  relating  to  the  preservation  and  im- 
provement of  public  water  supplies.  During  this  time  I  have  pursued, 
in  a  desultory  way,  some  lines  of  investigation  which,  I  hope,  may  be  of 
interest  to  the  members  of  the  Society,  and  which  I  venture  at  this 
time  to  briefly  lay  before  you. 

Knowledge  of  the  sanitary  significance  of  many  of  the  minute  forms 
of  plant  life  inhabiting  our  water  supi^lies  is  very  limited,  and  it  is  only 
when  some  special  reason  exists  that  students  direct  their  attention  to 
the  sanitary  side  of  the  question.  This  is  the  more  remarkable  when 
we  consider  the  amount  of  energy  that  has  been  expended  in  study  from 
the  purely  botanical  point  of  view. 

Take,  for  instance,  the  fresh  water  algse,  to  which  the  present  paper 
is  particularly  devoteJ.     Including  the  desmids,  but  not  the  diatoms, 
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about  fifteen  hundred  species  have  been  illustrated  and  described  as 
i:)eculiar  to  this  country,  while  in  Europe,  where  more  complete  studies 
have  been  made,  a  much  larger  number  are  known  to  cryptogamic 
botanists.  Moreover,  this  number  is  being  added  to  from  year  to  year, 
so  that  he  who  studies  the  fresh  water  algfe  can  hardly  fail  to  have 
new  S2)ecies  to  determine,  whenever  he  sees  fit  to  go  forth  into  the  fields 
and  search  diligently  for  them. 

Much  misconception  has  existed  as  to  the  cause  of  the  various  bad 
tastes  and  odors,  known  as  "fishy,"  "pig-pen,"  "cucumber,"  "musty," 
"  woody,"  and  others,  Avith  which  different  water  sui^plies  have  been 
affected.  The  impression  is  quite  general,  not  only  that  the  plants  pro- 
ducing these  different  tastes  and  odois  are  limited  in  number,  but  that 
the  grass- green  varieties  of  algse  are  entirely  innocent.  Both  views  are 
undoubtedly  erroneous,  as  it  is  my  experience  that  very  many  of  the 
algse  will  in  an  experimental  way  produce  objectionable  tastes  and  odors, 
and  that  some  of  these  are  especially  virulent  in  the  case  of  certain  of 
the  grass-green  varieties.  Both  of  these  points  have  been  tested  by 
exijeriinenting  on  at  least  two  hundred  species,  representing  not  only 
my  own  collections  for  three  years,  but  a  lai'ge  number  of  samples 
received  from  correspondents. 

Before  proceeding  to  discuss  some  of  the  more  interesting  results  of 
the  study,  I  will  call  attention  to  a  few  iDCCuliarities  of  the  fresh  water 
algse  in  relation  to  habitat. 

The  algse  are  in  the  fullest  sense  hardy  plants,  many  of  them  grow- 
ing vigorously  in  the  middle  of  winter.  This  I  have  had  occasion  to 
notice,  particularly  during  the  past  winter,  when  a  form  resembling 
Microcoleus,*  an  alga  genetically  related  to  Nostoc,  has  been  exceedingly 
plentiful  in  the  domestic  water  supply  of  the  city  of  Eochester,  without, 
however,  so  far  as  known,  being  the  cause  of  any  trouble.  This  develoj)- 
ment  was  at  its  height  in  the  latter  i)art  of  the  winter  (February  20th), 
when  Hemlock  lake  was  covered  with  an  unbroken  sheet  of  ice  from 
twelve  to  fifteen  inches  in  thickness. 

This  abundant  vitality  was  even  more  markedly  forced  ujion  my  atten- 
tion about  March  1st  of  the  present  season  (1889),  while  doing  field  work 
in  Livingston  county,  N.  Y.,  where  I  observed  the  ground  not  only 
partly  covered  with  melting  snow,  but,  for  a  considerable  area,  with  a 
vigorously  germinating  alga.    In  the  absence  of  a  microscope  its  species 

*  Considered  to  be  the  agtjhitiuated  form  of  analnrna. 
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could  not  be  determined,  and  I  am  al)le  therefore  oialy  to  record  the 
fact  of  having  seen,  while  tlie  snow  still  largely  covered  the  ground,  the 
visibld  signs  of  snch  a  development. 

The  observation  had  to  me  greater  interest  than  would  nsiially 
attach,  from  the  fact  that  only  a  f  jw  days  before  seeing  it  the  tempera- 
ture had  fallen  several  degrees  (8°  to  12°)  below  the  zero  of  the 
Fahrenheit  scale. 

It  has  baen  well  known  for  some  time  that  numerous  species  of  algse 
flourish  in  the  arctic  regions  of  laei-petual  snow,  and  it  is  of  interest  in 
this  connection  to  cite  that  a  study  a  few  years  since  of  the  algse  of 
Xova  Zembla  shows  the  existence  of  one  hundred  and  seventy-two  fresh 
water  species  belonging  to  fifty-seven  genera. '^^ 

Cldamydococcus pluvialis,  the  well-known  red  snowf  of  the  arctic  re- 
gion, has  an  extended  range  of  habitat,  being  found  plentifully  in  even 
New  York  and  Pennsylvania.  It  must  be  admitted,  therefore,  that  low 
temperature  does  not  necessarily  imply  cessation  of  growth  of  all  of  the 
algse,  and  we  must  extend  our  limit  of  vision  in  this  direction  also. 
Indeed,  high  temperature  will  undoubtedly  be  as  fatal  to  some  species 
•as  low  temperature  woull  be  to  those  which  are  jDeculiar  to  thermal 
si^rings. 

While  it  is  thus  true  that  many  species  are  hardy,-  it  is  equally  sure 
that  some  of  them  are  at  certain  stages  of  development  extremely  sensi- 
tive to  changes  in  the  environment — a  fall  of  temperature  of  a  few 
degrees,  a  slight  change  in  the  direction  of  the  wind,  humidity  of  the 
atmosphere,  or  variations  in  the  chemical  constituents  of  the  waters 
they  inhabit,  frequently  sufficing  to  cause  their  immediate  disapi^ear- 
ance  from  localities  the  most  favorite. 

Again,  certain  species  only  live  in  waters  containing  some  particular 
substance  in  solution,  as,  for  instance,  Beggiatoa  in  waters  containing 
suljihur  in  some  form,  Batrachospermum  mo  nil  if  or  me  in  rapid  running 
limestone  waters,  while  some  species  of  Inadis  are  at  home  only  in  sand- 
stone waters.  Cladopliora  and  Vaucheria  are  primarily  marine  forms, 
and  it  is  doubtful  if  the  fresh  water  varieties  will  continue  to  exist  in  a 
water  absolutelv  f ree  of  sodium  chloride  in  solution. 


*  Jour.  Roy.  Micr.  Soc,  1880,  page  679. 

t  Cooke's  British  Fresh  Water  Algfe  and  Wolle's  Fresh  Water  Algae  of  the  United  States 
contain  full  description.  B  jth  agree  that  C.  pluvialis  and  C.  nivalis  are  probably  one  and  the 
same  alga. 
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Others  affect  sluggish  streams  and  stagnant  ponds,  some  modestly 
hiding  under  shaded  banks  and  beneath  water-logged  trees,  while 
others  again  prefer  the  full  light  of  noonday,  and  boldly  seek  ojDen 
spaces  in  the  purest  waters.  They  are  found  at  all  depths,  from  nothing 
to  the  bottom  of  the  deepest  lakes.  In  the  somewhat  crude  experiments 
which  I  have  made  I  have  endeavored  to  reproduce,  so  far  as  I  could,  in 
my  workroom,  with  an  assortment  of  bottles  of  various  sizes,  beaker 
glasses  and  fruit  jars,  the  natural  conditions  of  growth  of  each  species. 
In  many  cases  I  have  had  only  failure  as  the  result;  they  utterly  refused 
to  grow,  but  in  their  death  I  gained  information  as  to  the  odor-produc- 
ing capacity  to  be  gained  in  no  other  manner. 

Pursuing  the  line  above  indicated  relative  to  the  grass-green  varieties, 
it  may  be  generally  stated  that  the  recent  studies  indicate  the  ability 
which  these  minute  cryptogams  possess  of  causing  various  bad  tastes 
and  odors  to  be  entirely  independent  of  color.  This  is  emphasized  by 
considering  that  Beggiatoa  and  Crenotlirix  are  in  eifect  colorless,  Clado- 
phora  and  Volvox  grass-green,  while  Clatlirocystis  and  Nostoc  are  bluish 
green.  It  seems  equally  certain  that,  so  far  as  present  systems  of  classi- 
fication are  concerned,  we  cannot  refer  the  jDower  to  produce  these 
difficulties  to  any  particular  class  or  order  of  cryptogams.  We  must 
look  farther  for  the  final  cause.  This  is  usually  found  in  the  jelly, 
starch,  oil  or  sulphur-producing  capacity  of  these  plants,  and  generally 
the  question  of  whether  or  not  any  particular  species  is  likely,  under 
favorable  conditions,  to  produce  trouble,  will  be  settled  by  observing 
whether  it  develops  at  any  stage  of  its  life  history  an  albuminous  gela- 
tine, either  as  an  essential  part  of  cell  structure,  or  as  an  enveloping 
matrix,  or  whether  it  secretes  starch,  oil  or  sulphur  at  some  period  of 
its  existence.  An  observation  as  to  which  of  these  is  the  predominant 
characteristic  of  any  given  alga  will  also  indicate  the  probable  quality  of 
any  tastes  or  odors  of  which  it  may  be  the  cause.  The  intensity  of  the 
resulting  tastes  and  odors  will  also  be  indicated  by  the  vigor  of  develop- 
ment and  the  quantity  present  in  any  given  case. 

So  far  as  I  am  aware,  no  one  has  yet  advanced  a  theory  aecounting 
fully  for  these  various  bad  tastes  and  odors,  and  it  is  with  considerable 
diffidence  that  I  venture  to  offer  the  foregoing,  which  can  only  be 
called  a  working  theory,  subject,  I  have  no  doubt,  to  modification,  as 
more  complete  studies  are  made  of  this  interesting  and  very  practical 
question. 
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It  is  well  known  that  certain  algai  contain  starch  grains  in  more  or 
less  quantities  in  connection  with  the  chlorophyl  granules. 

Gladoplwra  in  particular  is  distinguished  by  the  possession  of  a  large 
number  of  such  grains.*  The  i^resence  of  these  starch  grains  may  be 
demonstrated  by  the  application  of  the  iodine  test,!  though  in  many 
cases,  when  one  knows  just  what  to  look  for,  the  starch  can  be  distin- 
guished without  the  application  of  any  special  tests.  J 

About  two  years  ago  I  found  in  one  of  my  gatherings  a  specimen  of 
Gladoplwra  containing  an  unusually  large  amount  of  starch  throughout 
the  chlorophyl,  so  much  so  that  I  began  to  make  an  extended  study  of 
the  specimen.  An  interruption  of  a  few  days  occurred,  and  when  I  re- 
sumed the  study  I  found  the  specimen  well  advanced  in  decay  and  pro- 
ducing a  nearly  unbearable  stench.  I  thereupon  experimented  with  a 
solution  of  starch  and  water,  and  found  it  to  give  oflf,  after  standing  for 
a  few  days,  a  quite  similar  stench.  1|  With  this  as  a  basis  I  began  to 
gather  all  the  species  of  algfe  containing  starch  that  I  could  find,  and  by 
experiment  under  various  conditions  endeavored  to  ascertain  whether 
any  other  species  containing  starch  gave  objectionable  odors  on  decay, 
and,  while  I  have  by  no  means  completed  the  study,  the  result  thus  far 
seems  to  justify  saying,  in  a  general  way,  that  all  the  chlorophylaceous 
algse,  which  contain  either  starch  grains  or  amylaceous  granules  in  the 
chlorophyl,  are  likely,  if  they  develop  in  quantity,  to  produce  at  some 
stage  an  unpleasant  odor  in  decay. 

Again,  many  of  the  algse  secrete  globules  of  oil  in  connection  with  the 
chlorophyl.  Vaucheria  in  particular,  with  its  green,  robust  filaments, 
has  its  chlorophyl  rather  evenly  distributed  on  the  inside  of  the  walls 
of  the  tubes,  with  green  granules  and  minute  oil  droits  imbedded.^ 
Vauchei-ia  sessilis  has  this  development  of  oil  dro^js  especially  well  marked, 
though  this  alga  will  not  usually  be  the  cause  of  trouble  with  water 

*  See  description  of  Cladophera  in  Wolle,  loc.  cit. 

t  For  detail  of  iodine  test  for  starch  in  chlorophyl  grains,  see  Behrens'  Guide  to  the 
Microscope  in  Botany,  Hervey's  translation,  page  364. 

%  Two  forms  of  grain  or  granule  may  be  distinguished,  the  starch  grain  pure  and 
simple,  and  the  amylaceous  granule,  which  resembles  starch,  and  which  may  or  may  not 
actually  become  starch,  depending  upon  phases  of  development.  The  following  is  given  as 
a  partial  list  of  fresh  water  algae  which  exhibit  one  or  the  other  of  these  forms:  Chceto- 
m»rpha,  Cladophora,  Conferva,  Cylindrocapsa,  Microthamnion,  Spirogyra,  Ulothrix,  Vaucheria, 
Volvox,  Zygog  inium,  Zygnema. 

II  The  water  from  starch  factories  becomes  particularly  offensive.  See  paper  by  the 
late  Professor  William  Ripley  Nichols,  Some  Remarks  on  the  Tastes  and  Odors  of  Surface 
Waters,  in  the  Journal  of  the  Association  of  Eng.  Societies,  for  .January,  1882. 

§  So  described  by  Mr,  Wolle,  loc,  cit. 
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supplies,  as  its  usual  habitat  is  wet  ground,  excei^t  that  it  is  occasionally 
found  in  ponds  and  ditches;  but  what  is  true  of  one  species  is  likely  to 
be  true  of  others,  and  I  cite  Vaucherla  in  this  connection  because  it  is 
widely  distributed  and  easily  obtained  for  purjjoses  of  study.  There  are 
a  number  of  species  of  Vaucheria,  and  one  of  these,  Vaudiei'ia  dicJwfoma, 
is  only  found  in  marshy  places  in  the  vicinity  of  limestone  springs. 

The  late  Professor  Nichols  records  a  statement  of  Mr.  Ftelej*  that 
the  addition  of  common  salt  to, water  possessing  the  cucumber  taste  "will 
sometimes  develoj)  a  decided  oily  flavor.  I  have  no  doubt  but  that  this 
observation  is  correct,  and  that  some  of  the  oil-secreting  algfe  are  respon- 
sible for  the  so-called  cucumber  tastes,  which  possibly  are  modified  by 
the  addition  of  the  common  salt,  while  at  the  same  time  that  of  the  oil 
is  accented  enough  to  bring  it  markedly  within  the  range  of  the  sense  of 
taste. 

There  are,  however,  a  large  number  of  sj)ecies  of  algfe  in  which  the 
starch  grain  a-id  oil  globule  are  not  the  most  striking  features  of  develoiD- 
ment,  and  these  are  the  species  which  are  generally  credited  with  causing 
all  the  trouble.  A  number  of  them  belong  in  the  class  Ci/a7inphi/cece  and  the 
order  5'cZ}i20S2:>ore('p,  including  among  such.  Nosioc,  Glathrocystis,  Cceloaphce- 
rium,  Lynghya  and  others.  A  number  of  the  cryptogams  of  this  class  and 
order  are  inclosed  in  a  maternal  jelly,  a  typical  form  of  which  is  well 
illustrated  by  Nostoc.  We  have,  however,  Batrachospermum,  in  which  the 
jelly  mass  is  an  integral  part  of  the  development,  in  the  class  Rhodo- 
phycece,  while  among  the  class  Ghlorophycere  and  in  the  order  Confer voidece 
may  be  found  JDi'dpwnahlia  and  Clui'tophorn.  Also  in  the  order  Pro- 
tocoGcoidew  we  find  Vblvox,  Endorina,Pandori/ia,  Hydrodic/yon  and  Pahnela. 
All  of  these  are  likely  by  reason  either  of  the  jelly  matrix  or  the  gelati- 
nous structure,  to  give  rise,  when  they  develop  in  quantity,  to  objection- 
able tastes  and  odors  in  water  supplies. 

In  order  to  complete  this  portion  of  our  working  theory  it  is  desirable 
to  indicate  the  relations  which  subsist  between  the  production  of  the 
jelly  mass,  :,s  an  integral  part  of  the  life  history  of  an  alga,  and  the  pro- 
cesses of  assimilation  and  nutrition.  This  will  lead  us  to  consider, 
briefly,  not  only  the  formation  of  the  chlorophyl,  but  also  the  vege- 
table jelly  or  mucilage.  The  fundamental  substance  of  chlorophyl  is 
nitrogenous  matter,  and  it  is  according  to  Sachsf  a  protoplasmic  form. 

*  In  Some  Remarks  on  the  Tastes  aud  Odors  of  Surface  Waters,  loc.  cil. 
t  Text  Book  of  Di.tai.y 
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III  the  process  of  development  there  are  stored  up  assimilated  substance?, 
called  reserve  material.  This  at  the  proper  time  is  drawn  upon,  and 
through  the  process  of  nutrition  finally  becomes  part  chlorophyl,  part 
cell  membrane  and  part  refuse  matter,  this  refuse  matter,  which  is  re- 
jected as  waste  material,  taking  the  form  of  jelly.*  Such  in  a  few 
words  is  probably  the  origin  of  the  vegetable  mucilage  or  enveloping 
jelly  of  many  of  the  algse.  In  any  case  it  is  essentially  a  form  of  pro- 
toplasm, nitrogenous  in  its  chemical  constitution  and  liable  in  decay  to 
produce  offensive  odors,  as  indeed  it  is  well  known  to  do  from  the  ob- 
served facts. 

A  few  of  the  algse  of  the  class  under  consideration,  however,  do  not 
SL^crete  any  exterior  mucilaginous  or  gelatinous  matrix,  as,  for  instance, 
Volvox  globalor,  which  has  usually  been  considered  a  hollow  sphere,  but 
is  now  known  to  be  exactly  the  contrary,  the  sphere  being  entirely  filled 
with  a  comparatively  solid  mucilaginous  jelly. f  In  this  the  young 
Volvoces  develop  very  much  as  N'ostoc  develops  in  its  envelojaing  matrix 
of  albuminous  gelatine. 

Hydrodictyon  utriculatuvi  grows  abundantly  on  the  limestone  rocks 
forming  the  bed  of  the  Genesee  river,  in  the  city  of  Eochester.  This 
stream  has  so  low  a  summer  flow  that,  occasionally,  its  bed  between 
Main  street  and  the  Johnson  and  Seymour  dam  is  nearly  dry  for  several 
days  at  a  time,  by  reason  of  the  mill  races  at  either  side  taking  the 
entire  flow  of  the  river.  On  such  occasions  there  frequently  arises  from 
the  river  bed  an  odor  which  is  an  offence  to  every  one  in  the  vicinity. 
On  one  occasion,  when  the  odor  was  especially  rank,  I  ventured  into 
the  river  bed,  and  securing  specimens  of  the  abundant  growth  of  Hydro- 
dictyon, easily  satisfied  myself  as  to  the  important  part  which  this  alga 
})layed  in  its  production.  At  this  time  the  growth  of  Hydrodiclyon  was 
so  abundant  that  several  wagon  loads  could  have  been  easily  gathered 
from  a  few  hundred  feet  of  river  bed.  The  common  name  of  Hydrodic- 
tyon is  "water  net,"  by  reason  of  its  growing  in  a  net-like  series  of 
reticulations,  frequently  to  the  length  of  from  ten  to  twelve  inches.  I 
have  never  seen  it  in  any  waters  except  those  containing  considerable 
organic  impurity.  J 

*  The  basis  of  this  view  may  be  found  in  Sachs'  Text  Book  of  Botany,  Chapter  on 
Chemical  Processes  in  the  Plant.  The  view  there  advanced  by  Professor  Sachs  is  a  perfectly 
general  one,  applying  qiiite  as  well  to  cryptogaraons  as  to  phenogamous  plants. 

\  QnVolvox  globator.     Is  it  a  Hollow  Sphere?    Jour.  Eoy.  Mior.  Soc,  ]883,  page  889. 

t  See  Wood's  American  Fresh  Water  Alg»  for  complete  account  of  development  of 
Hydtoiiiclyitn. 
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The  ground  taken  by  some  of  the  earlier  students  of  this  subject, 
that  the  diatoms  never  cause  trouble,  must,  I  think,  be  modified  in  the 
light  of  recent  experience.  These  little  cryptogams,  while  possessing 
an  incombustible,  silicious  frustule,  have  in  addition  not  only  a  thick, 
gelatinous  enveloping  membrane,  which,  when  they  multiply  in  quantity, 
will  undoubtedly  produce  the  tastes  and  odors  referred  to,  but  they  also 
produce  starch  in  the  chlorophyl.  During  last  summer  I  made,  on 
several  occasions,  gatherings,  about  the  margins  of  Hemlock  lake,  the 
source  of  the  domestic  water  supply  of  the  city  of  Rochester,  which, 
even  when  freshly  gathered,  gave  a  vile  pig-pen  odor,  and  which  on  ex- 
amination with  the  microscope  proved  to  be  composed  almost  entirely 
of  diatoms;  and  I  have  been  informed  by  J.  Nelson  Tubbs,  M.  Am.  Soc. 
C.  E.,  Chief  Engineer  Rochester  Water  Works,  that,  on  one  occasion 
several  years  ago,  a  similar  deposit  was  so  extensive  as  to  cause  an 
unpleasant  odor  for  several  hundred  feet  from  the  lake.  At  this  time 
the  water  itself  was  entirely  unaffected,  the  odor  proceeding,  evidently, 
from  the  decay  of  the  protoplasmic  part  of  the  diatoms  scattered  along 
the  beach. 

.  J.  D.  Hyatt  has  described  an  extraordinary  development  of  the  com- 
mon diatom, /l/eru/ion  circw/are.*  This  diatom  has  a  thick,  gelatinous 
envelope,  and,  earl}-  in  the  spring  of  1881,  developed  to  such  an  extent 
in  the  headwaters  of  the  Croton  river  as  to  cover  for  many  miles  every 
submerged  object  in  the  streams  to  the  depth  of  nearly  a  qiiarter  of  an 
inch.  In  about  twenty  days  after  its  first  appearance  this  growth  began 
to  break  loose  and  in  a  week  it  had  entirely  disappeared,  but  following 
the  disappearance  of  this  sporadic  growth  of  Meridion  in  the  upper 
Croton,  the  water  as  delivered  in  New  York  began  to  be  pervaded  by 
an  unpleasant  odor,  which  it  is  fair  to  assume  was  due  to  the  decom- 
position of  the  gelatinous  envelope  of  MeridioH.f  This  continued 
for  about  two  weeks,  and  Mr.  Hyatt  states  it  to  have  been  in  all  respects 
exactly  similar  to  that  of  the  odor  from  the  decomj^osing  sjiecimens 
contained  in  his  collecting  bottles;  and  he  further  remarks  that  on  ex- 
perimenting it  was  quite  surprising  to  observe  how  small  a  quantity  of  the 
fetid  gelatinous  matter  was  suflScient  to  taint  a  large  volume  of  water. 

*  On  Sporadic  Growth  of  Certain  Diatoms,  by  J.  D.  Hyatt,  in  the  Transactions  of  the 
Ameri     n  Society  Microscopists,  1882,  page  197. 

t  "  .6  trouble  was  so  serious  as  to  lead  to  the  employment  of  experts  to  examine  the 
Croton  water.  Such  examination  made  from  samples  taken  in  the  city  resulted  in  a  report 
that  Croton  water  contained  no  unusual  amount  of  organic  matter,  and  nothing  in  any  way 
deleterious  to  health. 
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So  far  as  known  the  desmids  have  never  been  the  cause  of  any  trouble 
in  public  water  supplies.  This  I  apprehend  is  chiefly  because  they  are 
less  liable  to  sporadic  growth  than  the  diatoms  and  filamentous  algiB, 
for  they  certainly  possess  characteristics  which  would  lead  to  the  pro- 
duction of  ta8':es  and  odors  if  they  developed  in  quantity.  They  are  all 
more  or  less  gelatinous  and  some  species  have  a  distinct,  wide,  colorless 
envelope.  * 

Crystals  of  sulphate  of  lime  are  found  in  the  terminal  vesicles  of 
Glosterium  and  other  desmids,  and  the  presence  of  these  crystals  suggests 
the  agency  of  the  desmids  in  the  reduction  of  foreign  matter  in  a  manner 
similar  to  the  production  of  oxalate  of  lime  in  Spirogyra  and  other  spe- 
cies of  filamentous  algte.f 

A.  Fteley,  INL  Am.  Soc.  C  E.,  records  in  the  Supplement  to  the 
Beport  of  the  Massachusetts  State  Board  of  Health  for  1879J  the 
results  of  a  number  of  observations  on  the  development  of  algse  in  some  of 
the  basins  of  the  Boston  Water  Works.  Among  many  other  interesting 
facts  he  states  that  sulphureted  hydrogen  was  present  in  basin  No.  3 
in  such  quantity  as  to  be  plainly  perceptible  to  the  sense  of  smell  while 
the  water  was  passing  through  the  sluice  gates.  It  was  also  observed, 
not  only  that  algse  were  numerous  in  the  basin  at  this  time,  but  that  the 
temperature  was  uniform  throughout  the  whole  body  of  water,  even  to 
the  depth  of  twenty  feet.  Mr.  Fteley  suggests  that  this  uniformity  of 
temperature  was  produced  by  chemical  action,  without,  however,  giving 
any  clew  as  to  the  process  by  which  the  temperature  was  kejit  uniform. 
It  appears,  however,  that  the  algpe  were  ijrobably  concerned  in  the  mat- 
ter in  about  the  following  way.  It  has  been  already  mentioned  that 
Beggialoa  only  exists  in  waters  containing  sulphur  in  some  form;  and  the 
further  fact  is  now  advanced  that  it  and  certain  other  algfe  possess  the 
power  of  decomposing  sulphates  in  waters  containing  them  in  solution, 
a  portion  of  the  sulphur  being  absorbed  in  an  uncrystallized  state  into 
the  protoplasmic  mass  of  the  cell  structure,  while  the  balance  goes  to  form 
sulphureted  hydrogen  as  a  free  product.  Waters  containing  either 
sulphates  of  lime  or  soda  in  solution  are  liable  to  this  trouble. 


*  WoUe'8  Desmids  of  the  United  States,  page  15. 

t  On  the  Occurrence  of  Crystals  of  Gypsum  in  the  Desmidieaa.  Jour.  Roy.  Mi  '  Soc, 
1884,  page  108. 

t  Algas  OLserved  in  Storage  Basin  No.  3  of  the  Boston  Water  Supply  in  1879,  by  A. 
Fteley,  C.  E.,  Kes.  Eng. 
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A.  Etard  and  L.  Olivier  have  studied  this  question  broadly,*  and 
they  conclude,  in  addition  to  Beggiatoa,  which  is  nearly  always  found 
abundantly  in  sulphurous  waters,  that  Oscillaria,  in  certain  stages  which 
they  detail,  and  UlothrLv,  present  similar  phenomena,  and  it  is  proba- 
ble from  some  incomplete  observations  by  the  present  writer  that 
several  other  species  possess  this  property  in  a  more  or  less  limited  degree. 

The  observations  of  Etard  and  Olivier,  however,  extended  only  to  the 
power  of  these  algae  to  decompose  the  mineral  sulj^hates.  Nevertheless, 
it  is  probable  that  Beggiatoa  at  any  rate  has  the  power  not  only  of  extract- 
ing suli^hur  from  the  mineriil  sulphates,  but  it  can  also  extract  it  from 
decomposing  organic  matter,  when  containing  it,  so  that  the  presence 
of  sulphureted  hydrogen  in  any  given  water  supply  may  or  may  not  be 
a  danger  signal,  according  to  circumstances.  It  appears  easy,  therefore, 
to  assent  to  Mr.  Fteley's  observation  as  to  the  nature  of  the  action  pro- 
ducing the  same  temperature  throughout  a  large  body  of  water  twenty 
feet  in  depth. 

The  late  Professor  William  Ripley  Nichols  exi^lained  the  presence  of 
sulphureted  hydrogen  in  basin  No.  3,  referred  to  by  Mr.  Fteley,  in  a 
manner  somewhat  different  from  the  foregoing. f  According  to  Pro- 
fessor Nichols,  the  flooding  of  the  basin  started  the  decay  of  a  large 
quantity  of  organic  matter;  this  taking. place  in  the  presence  of  the 
sulphates  contained  in  the  water,  changed  them  into  sulphides,  and  from 
these  sulphides  thus  formed  sulphureted  hydrogen  was  liberated  by 
the  acid  products  of  decay.  It  appears  to  me,  however,  that  if  this  is 
the  whole  state  of  the  case,  the  chemical  action  must  have  been  confined 
almost  entirely  to  the  sides  and  bottom  of  the  basin,  in  consequence  of 
which  currents  must  have  been  produced,  leading  to  varying  tempera- 
tures in  different  parts.  The  fact,  however,  that  the  temperature  was 
not  only  high,  but  uniform  at  all  depths  and  localities,  would  indicate  a 
distribution  of  the  chemical  action.  The  presence  of  large  quantities 
of  algiie,  which  in  the  absence  of  any  evidence  to  the  contrary  we  may 
assume  as  acting  at  least  as  assistants,  would  furnish  a  rational  explana- 
tion without  doing  violence  to  any  of  the  observed  phenomena. 

This  proi)erty  of  decomposing  the  sulphates  renders  Beggiatoa  of  con- 
siderable interest  to  sanitarians,  and  although  it  has  received  a  large 


*  On  the  Reduction    of  Sulphates  by   Algre,  in  Jour.  Roy.  Micr.  Soc,  1883,  page  259, 
fr,  m  Comptes  Ri-ndus  XCV  (1882),  pages  81C  to  849. 

1  Some  lieiuarks  on  the  Tastes  aud  Odors  of  Surl'ace  Waters,  Inc.  cil. 
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amount  of  attention,*  its  position  in  a  systematic  classificatiou  is  not 
yet  well  defined.  Mr.  Wolle,  -writing  as  an  algologist  purely,  is  disposed 
to  reject  the  whole  genus,  referring  it  rather  to  Leptothrix.  The  bacteri- 
ologists, however,  retain  the  genus  and  p'ace  it  among  ihQ  Schizophytes. 
Cohn's  classification,  which  is  the  best  known,  places  Leptothrix,  Crenoth- 
rix,  Beggiatoa,  Hi/pheothrix  and  OaciUaria  in  close  relation  in  the  second 
section  of  the  Schizophytes,  or  among  the  N'einntogenes.-\  It  is  prob- 
able that  Beggiatoa  has  bacillus,  coccus  and  spirillum  phases  of  develop- 
ment, and  this,  if  true,  woiild  justify  its  classification  with  the  bacterial 
forms.  J 

It  has  been  assumed  by  the  promoters  of  ground  water  systems  of 
water  supply  that  the  water  so  obtained  would  be  entirely  free  from  all 
the  various  troubles  which,  in  a  general  way,  may  be  said  to  lie  due  to 
the  presence  of  organized  life;  especially  has  it  been  claimed  that  such 
supplies  could  by  no  possibility  contain  the  algae,  and,  in  consecjuence, 
immunity  from  the  various  tastes,  odors  and  colors  characterizing  sur- 
face waters  has  been  confidently  predicted.  This  claim,  however,  is 
fallacious,  as  even  ground  w^aters  are  found  to  have  difficulties  of  this 
sort  also,  and  as  certain  ground  water  supplies  of  this  country  have  re- 
cently passed  through  such  trouble,  it  is  considered  that  a  general 
accoimt  of  a  similar  trouble  which  has  been  very  thoroughly  studied 
abroad  will  be  of  interest  in  the  present  connection. 

The  trouble  referred  to  was  at  Berlin,  where,  since  1877,  a  part  of  the 
supply  has  been  drawn  from  a  series  of  covered  wells  in  the  vicinity  of 
the  Tegel  lake.  The  water  is  taken  from  the  wells  and  pumped  to  cov- 
ered reservoirs,  from  whence  it  passes  into  the  city  distribution  without 
exposure  to  light  or  open  air  at  any  point  of  its  passage.  Soon  after  the 
introduction  of  this  water  it  w'as  found  to  be  oQ'ensive,  not  only  to  taste 
and  Smell,  but  to  the  sense  of  sight  as  well.  When  first  drawn  from  the 
wells  it  appeared  tasteless  and  colorless,  but,  on  standing,  became  tur- 

*  See  Fuugi  found  in  Sewage  Effluents,  paper  by  A.  W.  Bennett,  in  Trans.  Am.  Soc. 
Micr.,  1884,  page  00. 

t  For  Cohn's  Classification  see  The  Bacteria,  by  Dr.  George  M.  Stienberg. 
+  The  fijUowiug  will  give  full  reference  to  Begqialoa: 

(a)  Mi  ro-organisms  and  Disease,  by  E.  K  ein,  3d  Ed.  (1886),  page  113. 
(6)  A.  W.  Bennett,  loc.  cit.      Also  note  on  Sewage  Fungus,  in  Jour.  Roy.  Jlicr.  Soc  , 
1884,  page  927,  from  Proc   of  Brit.  Assoc.  Adv.  Sci.  (Montreal),  1884. 

(c)  Manual  of  Bacteria,  by  Edgar  M   Crookshank,  2d  Ed.  (1887),  page  3J4. 

(d)  Lectures  on  Bacteria,  by  A.  De  Barry,  2d  Ed.,  translated  by  Henry  E.  F.  Garn- 

sey.     Numerous  references. 

(e)  Wo:1p,  Fresh  Witer  Alg;e  of  Uuit'd  States. 
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bid,  and  deposited  a  yellow  sediment,  consisting  of  oxide  of  iron,  amor- 
phous matter,  and  what  on  microscopical  examination  was  found  to  be 
an  alga  Avith  numerous  specimens,  both  living  and  dead.  This  alga  was 
Crenothrix  Kuhniana  or  Crenothrix  polyspora,  Cohn.  Kabenhorst* 
gives  it  Leptotlirix  Kuhniana  and  Hypheoihrix  Kuhniana.  Professor 
Kiihn  originally  discovered  Crenothrix  in  Silesian  farm  drains,  where  its 
development  was  so  rapid  as  to  comj^letely  choke  the  drains  in  a  few 
days.  It  was  also  studied  by  Professor  Cohn,  and  finally  at  Berlin  by 
Dr.  Zopf,  whose  jiaperf  is  a  complete  account  of  all  stages  of  its  life- 
history. 

In  decay  this  j^lant  gives  rise  to  the  most  offensive  tastes  and  odors, 
so  that  Dr.  Zopf's  title,  Crenothrix  polyspora  die  Ursache  der  Berlin 
Wassercalamitat,  can  be  taken  as  expressing  the  consternation  of  the  i")eo- 
ple  of  Berlin  at  the  apparently  serious  calamity  which  had  fallen  upon 
their  water  supply. 

On  investigation  it  was  found  that  Crenothrix  was  present  in  the 
wells,  reservoirs,  force  mains  and  distribution  pipes,  in  various  stages  of 
development  and  decay.  The  spores  (gonidia)  are  from  i^s-^-j-ij-  to  i  o  o^  o  o  u 
inches  in  diameter,  and  after  passing  through  a  series  of  developments, 
which  Dr.  Zopf  has  thoroughly  illustrated  in  the  three  elegant  plates 
accompanying  his  paper,  finally  attain  to  the  condition  of  long  filaments, 
which  under  the  microscope  are  found  to  be  a  series  of  individual  cells 
enclosed  in  a  gelatinous  sheath.  Figure  1,  Plate  lY,  illustrates  the  ap- 
pearance of  a  tyi^ical  mass  of  these  filaments  in  an  early  stage  of  devel- 
opment. 

In  the  beginning  these  filaments  are  transparent  and  colorless,  but 
they  finally  become  olive  or  brown  by  absorption  of  iron.  Frequently 
they  besome  so  incrusted  with  iron  as  to  render  their  structure  invisible 
(see  Figure  1,  Plate  V),  but  the  ai^plication  of  dilute  muriatic  acid  will 
dissolve  the  iron,  again  revealing  the  structure. 

The  investigation  also  showed  that  Crenothrix  developed  and  passed 
through  the  various  stages  of  its  life-history  in  the  ground  itself,  and 
consequently  without  access  to  light.  This  was  proven  by  sinking  a 
number  of  driven  wells  to  various  depths  in  the  vicinity  of  the  suj^ply 
wells  and  the  taking  of  water  therefrom  for  examination  under  such  con- 

*  In  Flora  Europata  Algarum  AqucB  dulcis  et  siibmarina,  by  L.  Rabenhoret. 
t  Entwickleungsgeschlichtliche    Untersuchung  uber    Crenothrix    Polyspora    die    Ursache    der 
Berlin  Wassercalamitat.     By  Dr.  W.  Zopf. 
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ditions  as  precluded  the  possibility  of  error.  In  some  cases  the  jjlant 
was  found  more  than  75  feet  below  the  surface. 

It  also  appeared  from  Dr.  Zopf's  study  that  iron  in  solution  is  neces- 
sary for  the  existence  of  Grenothri.c,  as  even  in  the  early  stages  of 
development,  when  the  filaments  are  quite  colorless,  the  application  of 
potassium  ferrooyanide  will  turn  them  blue,  thereby  indicating  the 
presence  of  iron,  while,  as  already  stated,  in  the  later  stages  the  reduc- 
ing or  transforming  action  becomes  so  energetic  as  to  completely  incrust 
the  filaments  to  the  extent  of  concealing  the  structure.  Lime,  however, 
it  is  said,  destroys  it.  At  Halle,  where  Crenothrix  also  gave  trouble 
similar  to  that  at  Berlin,  the  admixture  of  water  from  another  source  is 
claimed  to  have  brought  about  its  extermination. 

Dr.  Zopf  farther  found  that  Crenothrix  endured  a  temperature  of  11 
degrees  Fahr.,  and  when  thawed  out  after  several  weeks' freeze,  revived 
and  developed  new  plants.* 

In  the  United  States  Grenothr'ix  has  been  found  in  moderate  quantities 
in  ground  water  supplies  at  several  places  in  the  State  of  Massa- 
chusetts,! and  in  larger  quantities  in  the  water  supply  of  the  city  of 
Jamestown,  N.  Y. 

Early  in  the  summer  of  1886|  the  water  furnished  by  the  James- 
town Water  Supply  ComiDauy  became  the  source  of  such  serious  com- 
jjlaint  that  the  Mayor  of  Jamestown  addressed  a  communication  to 
Governor  Hill,  requesting  him,  under  authority  of  Section  8  of  Chapter 
322  of  the  Laws  of  1880,  to  require  the  State  Board  of  Health  to  in- 
vestigate the  difficulty.  The  Mayor's  letter  states  "that  the  water 
which  the  Company  furnishes  is  filled  with  dead  and  decayed  fish,  or 
portions  of  fish,  decayed  vegetable  matter,  and  is  thick  and  muddy,  and 
has  an  offensive  smell."  The  Water  Company  also  wrote  the  Governor 
setting  forth  that  they  were  the  victims  of  "a  long  continued  and 
malicious  attack  uj^on  the  quality  of   the  water  furnished   through  the 

*  A  more  complete  account  of  Crenothrix  can  be  found  in  a  paper,  Natural  Filtration, 
at  Berlin,  by  Professor  William  Ripley  Nichols,  in  Jour.  Frank.  Inst.,  Vol.  CXIII  (1882), 
pages  209  to  216.     Professor  Nichols  has  cited  a  number  of  references  to  the  literature. 

An  abridged  account  can  also  be  found  in  Professor  Nichols'  Water  Supply,  Chemical  and 
Sanitary,  pages  125  to  128. 

t  See  Report  of  the  biologist,  G.  H.  Parker,  in  the  Nineteenth  Annual  Report  of  the 
Massachufetts  State  Board  of  Health  (1887),  pages  89  to  94.     Crenothrix  is  given  as  Hyphtothrix. 

t  See  Investigation  of  Jamestown  Water  Supply,  in  the  Seventh  Annual  Report  of  the 
New  York  State  Board  of  Health,  1886,  pages  190  to  334.  The  various  letters  and  reports  re- 
ferred to  in  the  discussion  may  be  found  in  the  account  of  the  proceedings  in  the  Jamestown 
case  there  given. 
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mains  by  this  Company,"  and  heartily  joining  in  the  request  for  an  in- 
vestigation by  the  State  Board  of  Health.  The  Company  also  recite  in 
their  lett.^r  that  analyses  have  already  been  mide  by  a  number  of  eminent 
chemists  (fiTe  in  all),  whose  reports  were  at  the  service  of  any  person 
who  might  1)3  detailed  for  the  investigation.  On  these  requests  the 
Governor  referred  the  matter  to  the  State  Board  of  Health  for  investiga- 
tion, which  Board  thereupon  employed  E.  Kuichling,  M.  Am.  Soc.  C.  E., 
for  this  i^urpose.  The  source  of  the  water  supply  of  Jamestown,  as 
stated  by  him  in  his  report,  is  as  follows :  First,  from  a  series  of  driven 
wells  from  eighty  to  one  hundred  feet  deep  ;  Second,  from  the  foot  of 
Chautauqua  lake,  by  means  of  a  conduit,  part  wood  and  part  iron, 
about  two  miles  long.  This  conduit  leads  through  a  swamp  and  receives 
the  water  from  the  lake  about  two  hundred  feet  from  shore  in  a  timber 
crib,  with  wire  screens  placed  opposite  the  mouth  of  the  conduit  to 
prevent  small  fish  getting  in.  The  third  source  of  supply  is  from  the 
outlet  of  Chautauqua  lake,  near  the  i^umping  station.  The  original 
design  of  the  Company  was  to  obtain  substantially  its  full  supply  from 
the  driven  wells,  taking  water  from  the  Chautauqua  outlet  only  on  those 
rare  occasions  when  the  suppression  of  fires  required  the  use  of  large 
amounts  for  a  short  time.  As  the  use  of  water  increased  it  was  found 
that  the  yield  of  the  wells  was  diminishing,  so  that  another  source  of 
supply  had  to  be  secured,  and  with  this  iu  view  the  Comi3any  laid  the 
Qonduit  to  the  foot  of  the  Chautauqua  lake,  as  referred  to  above, 
but  this  condiiit  was  not  used  until  about  the  middle  of  September, 
1886. 

It  appears  from  the  reiDorts  that  for  two  or  three  years  previous  to 
the  formal  complaint  to  the  Governor  in  1886,  the  Jamestown  water  had 
been  a  number  of  times  the  source  of  serious  complaint  on  the  i^art  of  the 
consumers,  the  trouble  disaiipearing  in  winter  and  returning  in  sj^ring 
and  summer,  and  it  was  generally  held  by  the  citizens  of  Jamestown 
that  the  offensive  tastes  and  odors  were  due  to  decomposing  matter  from 
the  iuipiire  water  of  the  Chautauqua  outlet.  The  officers  of  the  Company, 
however,  denied  that  any  considerable  amoiant  of  water  was  pumped 
from  the  outlet,  and  maintained  that  only  on  the  occasion  of  two  large 
fires  had  it  bjen  used  at  all  after  June,  1885.  In  the  meantime  the  most 
serious  trouble  had  been  experienced  during  the  si)ring  and  early 
summer  of  1886,  becoming  so  serious  as  to  lead  to  the  request  to  the 
Governor  by  the  Mayor  on  June  30th,  1886. 
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The  investigation  cau  be  found  at  length  in  the  i)lacG  cited,  and  it  is 
unnecessary  to  go  into  the  detail  here,  except  in  a  general  way  it  may 
be  said  that  veiy  little  definite  light  is  thrown  upon  the  subject.  The 
chemical  examinations  show  the  water  from  the  driven  wells  to  be  of 
excellent  (quality,  as  was  also  that  drawn  directly  from  the  mains  (see  the 
chemical  analyses  in  detail,  images  219  to  224,  loc.  cit.).  None  of  the 
chemists  report  any  bad  tastes  and  odoi's,  excejDt  Professor  Leeds,  in 
water  taken  from  a  dead  end.  Professor  Leeds  also  attributes  the 
trouble  to  algas  derived  from  the  wells,  but  gives  no  intimation  of  the 
pre?;ence  of  Cyeaothrix.  In  the  latter  part,  of  the  month  of  December, 
1886,  after  all  the  reports  of  the  State  Board  of  Health  Investigation 
had  been  made,  some  samples  of  the  Jamestown  water  were  placed  in 
my  hands  by  Mr.  Ivuichling,  with  the  request  that  I  make  an  examina- 
tion thereof.  This  was  done  with  the  result  of  easily  making  the 
identification  of  Crenothrix,  and  the  photographs  which  accompany  this 
paper  (Plates  IV  and  V)  are  from  the  samples  furnished  at  the  time. 
The  matter  was  subsequently  referred  to  Mr.  Wolle,  who  verified  the 
identification,  and  thereupon  placed  Crenotlirix  in  his  work  on  the 
Fresh  "Water  Algpe  of  the  United  States,  at  that  time  just  going  to 
23ress.* 

The  suggestion  that  Crenotlirix  was  possibly  present  in  the  James- 
town water  was  first  made,  so  far  as  I  am  aware,  by  Mr.  Kuiehliug. 
Owing,  however,  to  lack  of  high  power  objectives,  he  was  unable  to 
verify  his  inference. f  Nevertheless,  considering  the  lack  of  informa- 
tion among  water  works  engineers  about  cryptogamic  botany,  the 
making  of  the  inference  at  all  is  an  illustration  of  his  broad  attain- 
ments and  may  be  justly  cited  as  adding  to  his  fame  as  an  engineer. 

In  concluding  this  part  of  the  paper,  it  remains  to  be  stated  that  there 
is  no  absolute  proof  that  the  Crenothrix  was  actually  derived  from  the 
driven  wells.  The  company  began  to  take  water  from  its  conduit  to 
Chautauqua  lake  in  September,  1886,  while  the  samples  containing 
Crenothrix  only  came  to  my  hands  in  December,  and  the  plant  may  have 
been  derived  from  the  swamp  through  which  the  wooden  conduit 
passes  from  the  pumping  station  to  the  lake.     This  wooden   conduit  is 


*  See  Wolle.  loc.  cit.,  pages  294  of  text,  and  Plate  CCIX. 

t  Crenothrix  can  be  seen,  and,  whea  one  is  familiar  with  it,  readily  recoguized  with  a 
fair  quality,  one-half  inch  objective;  but  its  complete  study  requires  a  good,  recent,  one- 
eighth,  homogeneous  immersion  objective. 
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as  I  understand,  loosely  constructed,  so  that  the  possibility  of  such 
derivation  probably  exists.  On  the  other  hand,  the  persistency  of  the 
trouble  when  it  had  once  appeared,  and  the  fact  of  its  only  appearing 
after  the  material  lowering  of  the  ground  water,  would  be  a  strong  indi- 
cation of  its  origin  in  the  deep  wells.  Failure  to  find  it  at  an  early 
stage  of  the  investigation  can  be  accounted  for  by  considering  that  no 
one  was  looking  for  Crenothrix.  In  any  case,  the  whole  matter  is  a  good 
illustration  of  the  importance  of  broad  study  in  biology  as  an  imperative 
requirement  for  success  in  such  investigations. 

Volvox  globator,  a  unicellular  form  containing  not  only  a  mucila- 
ginous jelly,  but  also  starch  grains  in  the  chlorophyl  (grass-green), 
and  belonging  to  the  order  Proiococcoidece,  is  very  widely  dis- 
tributed, being  found  in  nearly  all  parts  of  the  world.  Its  presence 
in  water  supplies  has  been  noted,*  but  the  fact  that  it  will 
cause  the  fishy  taste  and  odor  has,  I  think,  been  generally  over- 
looked. The  water  suj^ply  of  the  city  of  Rochester  had,  however,  an 
infliction  of  this  sort  in  the  fall  of  1888,  the  particulars  of  which  are 
briefly  as  follows :  In  the  early  part  of  September,  the  Water  Dej^art- 
ment  began  to  receive  complaints  from  various  localities  in  the  city  that 
the  water  was  permeated  with  an  exceedingly  strong  fishy  taste  and 
odor,  and  the  opinion  was  quite  strongly  held  by  many  citizens  that  a 
large  number  of  fish  had  in  some  way  gained  access  to  the  mains,  and 
that  the  difliculty  was  caused  by  their  death  and  decay  therein.  It 
api^eared,  however,  that  the  odor  in  question  was  j^recisely  that  of 
living  fish  rather  than  dead,  and  only  a  moderate  amount  of  experiment 
IS  required  to  show  that  the  odor  from  decaying  fish  bears  no  relation 
whatever  to  that  which  they  exhale  when  alive.  A  daily  study  with  the 
microscope  showed  that  only  the  usual  amount  of  animal  and  vegetable 
matter  was  j^resent,  with  the  single  excei)tion  of  an  evidently  sporadic 
development  of  Volvox.  This  alga  was  present  in  the  distributing 
mains,  and  in  both  reservoirsf  in  vast  quantities,  the  filtering  of 
so  small  an  amount  as  three  hundred  gallons  showing  many  hundred 
thousands;  while  single  dippings  from  the  reservoirs  without  any  con- 


*  See  Report  of  the  biologist,  G.  II.  I'arkcr,  iu  Nineteenth  Annual  Eeport  of  the  Massa- 
chusetts State  Board  of  Health,  loc.  cit  ,  wheru  the  presence  of  Volvox  in  a  number  of  water 
supplies  in  Massachusetts  is  indicated. 

t  For  detailed  account  of  the  i-olation  of  the  storage  and  distributing  reservoirs  to 
Hemlock  lake,  the  source  of  the  supply,  see  the  various  rejiorts  of  the  Chief  Engineer, 
especially  those  of  1872,  1871  and  1877. 
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centration  by  filtration  showed  tlie  presence  of  the  little  globes  in  great 
abundance.  This  was  the  more  remarkable  from  the  fact  that  an  almost 
■  daily  study  for  nearly  two  years,  and  a  frequent  study  for  more  than  a 
year  befoi-e  that,  had  iitterly  failed  to  develop  the  slightest  indication  of 
Volvox  in  this  water.  So  far  as  any  record  goes  previous  to  last  sum- 
mer, Volvox  globator  had  never  been  seen  in  the  domestic  water  supply  of 
the  city  of  Rochester.  No  study  of  the  matter  was  made  at  Hemlock 
lake  itself  until  about  October  20th,  at  which  date  only  a  few  Volvoces 
were  found,  while  at  the  same  time  both  reservoirs  teemed  with  them, 
and  continued  to  so  teem  for  two  or  three  weeks  thereafter.  On  the 
approach  of  cold  weather  the  quantity  gradually  lessened,  until  in 
January  it  was  only  rarely  that  a  single  individual  could  be  seen.  In 
the  meantime,  the  fishy  taste  and  odor  diminished  as  the  PWi-o./;  lessened 
in  quantity,  and  finally  ceased  to  be  perceptible  to  the  senses  as  soon  as 
the  quantity  of  Volvoc  became  small. 

A  satisfactory  demonstration  that  Volvox  was  the  real  cause  of  the 
fishy  taste  and  odor  was  made  in  the  following  manner. 

Filterings  from  two  or  three  hundred  gallons  of  water  were  obtained 
by  allowing  the  water  to  flow  freely  through  a  bag  of  plain,  unbleached 
muslin  attached  to  an  ordinary  kitchen  cock.  This  concentrated  every- 
thing contained  in  the  quantity  filtered  into  the  volume  of  a  few  ounces. 
The  concentrated  filtrate  w'as  then  passed  through  chemical  filter  paper 
with  the  result  of  leaving  the  contained  Volvox  behind  on  the  i)aper, 
while  clear  water  had  flowed  through  into  a  clean  Florence  flask  beneath. 
The  Fo/tio.r  was  now  washed  off  the  filter  jjaper  with  distilled  water  and 
the  washing  also  introduced  into  a  clean  Florence  flask.  Gentle  heat 
was  then  applied  to  both  flasks,  with  the  result  of  developing  the  fishy 
taste  and  odor  with  an  intensity  dependent  upon  the  amount  of  Volvox 
present  in  the  original  filtering.  After  gentle  boiling  the  contents  of 
both  flasks  were  emptied  into  open  vessels  and  allowed  to  become 
entirely  cold.  On  again  pouring  into  the  flasks  and  reheating,  it  was 
found  that  the  contents  of  the  first  flask  developed  no  farther  fishy  taste 
or  odor,  while  the  contents  of  the  second  flask  again  showed  the  taste 
and  odor  plainly  perceptible.  The  significance  of  these  tests  is  that  in 
the  case  of  the  first  samjale,  from  which  Volvox  itself  has  been  entirely 
removed  by  filtration  through  the  filter  paper,  the  application  of  heat 
the  first  time  had  driven  off  all  the  volatile  matter  causing  the  fishy 
taste  and  odor,  so  that  after  cooling  nothing  remained  to  be  developed 
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by  reheating;  while  in  the  case  of  the  second  sample,  •which  still  con- 
tained the  original  jjortion  of  Volvox,  reheating  again  plainly  developed 
the  fishy  taste  and  odor,  but  with  less  intensity  than  after  the  first  heat- 
ing. A  repetition  of  these  tests  under  varying  conditions  left  no  doubt 
as  to  the  agency  of  Volvox  in  producing  the  fishy  taste  and  odor. 

The  filterings  contained  in  addition  to  living  and  decomposing  Vol- 
vox a  large  amount  of  brown-colored  amorjjhous  matter,  and  that  this 
was  produced  by  the  decomposition  of  Volvox  was  easily  shown  by 
allowing  a  concentrated  filtering  to  stand  for  a  short  time,  when,  after 
the  amorphous  matter  had  settled  to  the  bottom,  it  was  easy  to  syphon 
ofi"  the  supernatant  fluid,  containing  only  living  Volvox.  On  heating 
the  fluid  so  obtained  and  allowing  it  to  stand  for  forty-eight  hours,  it  was 
found  on  examination  to  contain  an  amorphous  sediment  precisely 
similar  to  that  in  the  original  filtering. 

The  considerable  increase  in  the  amount  of  animal  life  which  followed 
jthis  development  of  Volvox  may  also  be  noted  as  of  interest.  This  was 
•  especially  noticeable  in  the  case  of  a  number  of  tlie  Eotifera,  as,  for 
instance,  Anurcea  and  Si/ncha4a.  These  transparent  little  creatures  fed 
abundantly  upon  Volvox,  and  their  structure  and  organs  of  assimilation 
are  so  clearly  revealed  under  an  ordinarily  good  objective  as  to  exhibit 
the  whole  process  of  nutrition.  The  green-pointed  spheres  of  Volvox 
could  be  easily  seen  rolling  along  through  the  aisophagus  of  the  Rotifer 
on  their  way  to  the  digestive  cavity,  where  their  gradual  reduction  to 
food  and  the  ultimate  rejection  of  the  dross  could  be  all  clearly  seen. 

As  to  the  reason  for  the  sporadic  development  of  Volvox,  it  appeared 
that  some  special  cause  had  operated  to  produce  a  much  greater  devel- 
opment in  both  the  reservoirs  than  in  Hemlock  lake,  and  a  discussion  of 
this  point  will  lead  us  to  consider  briefly  the  salient  points  of  reproduc- 
tion and  development. 

Volvox  may  be  described  as  a  trausj^arent  sphere  from  one-fiftieth  to 
one-eightieth  of  an  inch  in  diameter,  the  inner  surface  of  which  is 
studded  with  groups  of  dark  green  points  regularly  disposed,  and  so 
arranged  that  each  group  of  points  is  the  center  of  a  symmetrical  group 
of  six  others.  These  green  points  are  called  gonidia,  and  each  one  is 
probably  capable  of  becoming  a  perfect  Volvox,  though  in  fact  only  a 
small  number  of  the  many  hundred  with  which  every  perfect  specimen 
is  endowed  do  actually  so  develop.  If  we  consider,  however,  that 
under  favorable  conditions  their  growth  is  comparatively  rapid,  a  ma- 
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ture  individual  developing  from  the  embryo  in  a  very  few  hours,  and  in 
its  turn  giving  birth  to  a  new  colony,  each  of  which  sends  forth  its 
progeny,  we  are  led  to  understand  how  a  large  body  of  water  apparently 
entirely  destitute  of  Volvox  may  in  a  few  days  be  made  to  teem  with  it. 

Extended  observations  of  the  alternations  of  the  generations  of  Vol- 
vox show  that  its  x'eproduction  may  take  place  in  two  ways,  either 
sexual  or  a-sexual,  and  that  the  development  from  year  to  year  is  an 
alternation  of  these  two  methods,  the  usual  course  being  development 
by  one  process  in  the  spring,  and  by  the  other  in  the  fall.*  This 
alternation  has  for  its  climax  the  production  of  resting  spores,  which 
pass  into  a  resting  state,  disappearing  from  view,  and  ultimately  revivi- 
fying and  producing  the  mature  plant. 

The  rationale  of  the  process  of  revivification  is  as  yet  unknown. 
Professor  Cohn  held  that  after  passing  into  the  resting  state  the  spores 
must  be  desiccated  before  they  could  revive  and  produce  living  plants. 
This  has,  however,  been  contradicted  by  later  observers;  but  the  con- 
sideration that  both  of  the  reservoirs  were  entirely  destitute  of  water 
during  the  summer  of  1888  at  any  rate  lends  interest  to  this  view  in  the 
present  connection.  Following  this  line  it  would  appear  that  the  extra- 
ordinary development  in  the  reservoirs  was  from  the  revivification  of 
spores  which  had  possibly  been  dormant  for  several  years,  and  which 
only  developed  after  the  absence  of  water  from  both  reservoirs  for  the 
first  time  since  their  construction,  had,  by  desiccation,  produced  the 
conditions  necessary  for  revivification. 

Moreover,  the  season  of  1888  was  one  of  unusually  prolific  develop- 
ment of  Volvox  throughout  western  New  York,  proven  by  finding  large 
quantities  in  all  the  usual  haunts.  Hemlock  lake,  therefore,  contained 
the  moderate  quantity  which  any  such  body  of  water  would  naturally 
contain  in  a  season  of  unusually  prolific  development;  while  the  reser- 
voirs of  the  Rochester  Water  Works,  by  reason  of  having  been  entirely 
dry,  presented  the  conditions  for  sporadic  development.  In  any  case 
the  question  is  one  of  the  greatest  interest,  but  as  this  paper  has  already 
exceeded  the  limits  originally  set,  it  cannot  be  pursued  at  greater 
length  heref. 

*  See  A.  W.  Willis  on  the  Structure  aud  Life-history  of  Volvox.  in  the  Midland 
>iaturalist,  September,  October,  1880.  Also  summary  of  same,  in  Cooke's  British  Fresh  Water 
AlgEe,  pages  56  to  63. 

t  This  account  of  Volvox  globator  at  Rochester  is  abridged  from  two  reports  made  at 
the  request  of  the  Executive  Board  by  M.  L  Mallory,  J.  Edward  Line  and  the  i)resent  writer, 
Members  of  the  Microscopical  Section  of  the  Rochester  Academy  of  Science.  For  these 
reports,  giving  a  more  complete  account  of  the  matter,  see  the  forthcoming  Annual  Report  of 
the  Executive  Board  of  the  City  of  Rochester  for  the  year  ending  April  1st,  1889. 
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It  appears  to  the  present  writer  that  considerable  advantage  would 
accrue  in  the  study  of  the  important  sanitary  questions  growing  out  of 
the  relations  of  the  algte  to  public  water  supplies  if  we  had  a  system  of 
classification  more  in  accordance  with  their  real  affinities  in  relation  to 
the  development  of  the  troubles  which  we  are  now  considering.  Mr. 
A.  W.  Bennett  has  for  another  purjjose  proposed  essentially  such  a 
system  of  classification,  in  which  he  places  the  colorless  algre  in  one 
class,  those  without  distinct  chloroijhyl  or  starch  grains  in  another,  and 
those  possessing  pure  chlorophyl  and  starch  grains  in  a  third.  The  use 
of  this  will  assist  by  giving  something  on  which  we  can  systematically 
string  our  knowledge  as  it  is  slowly  attained.  * 

A  study  of  the  kind  here  attempted  would  be  incomplete  without 
some  indication  of  the  real  purpose  of  the  algte  in  the  final  economy  of 
things.  The  late  Professor  William  Ripley  Nichols,  who  easily  stood 
first  as  an  accurate  observer,  remarked  very  justly  that  they  cannot  be 
regarded  as  an  unmitigated  evil;  that  they  are  purifying  agents,  changing 
at  least  a  part  of  the  dissolved  organic  matter  into  insoluble  substances 
which  settle  to  the  bottom. f  This  is  a  fair  statement  of  the  case, 
rendered  more  apjjarent  by  the  consideration  that  nitrogen  is  an  element 
largely  needed  in  their  growth,  and  that  this  is  obtained  from  the  nitrates 
and  ammonia  contained  in  the  water.  In  adopting  this  view,  howevei% 
we  are  forced  to  the  conclusion,  Avhich  is  indeed  sufficiently  indicated  iu 
the  foregoing,  that  the  presence  of  certain  algte,  in  any  given  locahty, 
may  be  a  danger  signal  whose  warning  ought  not  to  be  lightly  disre- 
garded, Avhile,  in  other  cases,  their  presence  is  equally  an  indication 
that,  impurities  being  present,  nature  is  doing  her  very  best  to  get  rid  of 
them.  In  any  case,  much  remains  to  be  done  before  the  subject  can 
be  considered  as  strictly  scientific  in  the  sense  of  having  a  large  stock  of 
classified  knowledge. 

*  In  Jour.  Linn.  Soc,  Lond.,  Bot.,  XXIV  (18871,  pages  49  to  61.  Also  abst.  in  Jour. 
Roy.  Micr.  Soc,  1H87,  page  78C. 

t  Sand  Filtration  at  Berlin,  Jour.  Frank.  Inst.,  Vol.  CXII  (X881),  pages  436  to  440. 
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DESCRIPTION  OF  PLATES. 

Plate  I  (LXXVII). 

Fig.  1  -^i".  DrapnrnnhUa,  showing  the  penicillat6,  fasciculate  branch- 
lets.     The  broad  chlorophyl  band  or  main  filament  not  shown. 

Fig.  2  — f-.  CUvlopJiora,  a  series  of  articulate  filament'^,  with  the  i^arie- 
tal  cell  contents  shrunken,  showing  the  thick,  lamellose,  gelatinous  cell- 
membrane.  (The  shrunken  matter  is  the  chlorophyl  mass  containing 
the  starch  grains.) 

Plate  II  (LXXVIII). 

Fig.  1  ^-f-.  Two  filaments  of  sterile  Zjignema  showing  the  usual  form 
in  which  Zygnema  will  be  found. 

Fig.  2  ^i-.  Spirogyra  nitida  in  conjugation.  The  filament  on  the  left 
is  sterile  and  represents  the  ordinary  form.  (This  photograph  is  from  a 
permanent  mount  and  the  chlorophyl  bands  in  the  sterile  filament  have 
shrunken  by  reason  of  the  preservative  medium  used.) 

Fig.  3  -f.  Desmidium,  a  single  filament  in  the  vegetative  condition. 
The  dark  central  portions  are  the  chlorophyl  masses  of  each  cell. 

Plate  III  (LXXIX). 

Figs.  1  to  4^^.  A  growing  condition  of  Ulothrix  which  gave  a  strong 
pig-pen  odor  on  decay.  The  chlorophyl  masses,  containing  the  starch 
(amylaceous)  granule  and  the  thin  cell  membrane,  clearly  ajiparent  in  all 
the  figures, 

Plate  IV  (LXXX). 
Crenothrix  polyspora,  Cohn. 

Fig.  1  ^f^.  The  central  filament  in  process  of  development,  with  the 
exterior  sheath  clearly  shown.  The  terminal  members  exceeding  in 
length  those  towards  the  middle.  (This  is  a  typical  development,  accord- 
ing to  Zopf.) 

The  curved  filament  at  the  right  is  another  stage  of  development  in 
the  process  of  formation  of  gonidia. 

Fig.  2  ^i".  Atypical  mass  of  Crenothrix  showing  a  number  of  fruit- 
ing filaments  (sporangia).  The  irregular  masses  are  points  where 
gonidia  have  broken  through  the  sheath  and  colonies  of  filaments  are 
developing. 

Fig.  3  ^^.  The  upper  curved  filament  another  typical  form  of 
development,  according  to  Zojif. 
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.      .  Plate  V  (LXXXI). 

Crenothrix  polyspora,  Colin. 

Fig.  1  ■^^"^.  An  irregular  mass  of  Crenothrix  filaments,  with  structure 
obscured  by  a  deposit  of  oxide  of  iron. 

Kg.  2  ^^.  A  typical  development  similar  to  Plate  IV,  Fig.  1. 

Fig.  3  ^^^.  A  fruiting  filament  (sporangium),  with  fully  developed 
gonidia.  This  filament  shows  the  completion  of  the  process  faintly 
foreshadowed  in  the  curved  filament  to  right  in  Fig.  2,  Plate  IV. 

Plate  VI  (LXXXII). 

Fig.  1  ^i^.  Ht/drodicti/on  ntricidatum.  A  young  net  pressed  flat  and 
showing  the  reticulations  of  the  saccate  coenobium. 

Fig.  2  ^1^.  A  number  of  reticulations  in  a  more  advanced  state  than 
in  Fig.  1. 

Plate  VII  (LXXXIII). 

Fig.  1  -1^.  Hydrodictyon  utrictdatum.  A  fully  developed  single  reticu- 
lation, with  the  endochrome  of  the  individual  cells  shrunken,  showing 
the  gelatinous  exterior  cell  membrane. 

Plate  VIII  (LXXXIV.) 

Volrox  glohator. 

Fig.  1  -1^.  A  fully  developed  parent  cienobiiam  with  two  genera- 
tions of  young  coenobia  within  the  parent.  The  first  generation  just 
ready  to  destroy  the  parent  by  breaking  forth. 

Fig.  2  -p.  Same  as  Fig.  1,  but  showing  the  peripheral  cells,  clearly, 
at  the  edge  of  the  parent,  and  also  on  such  of  the  first  generation  from 
the  parent  as  are  in  focus.  The  beginning  of  the  disintegration  of  the 
parent  coenobium  is  more  clearly  shown  than  in  Fig.  1. 

Fig.  3  -P.  A  young  coenobium  just  after  breaking  forth  from  the 
parent. 

Plate  IX  (LXXXV). 
Volrox  glohator. 

Figs.  1  and  2  ^Y^.  Mature  individuals  illustrating  stages  of  develop- 
ment somewhat  ditt'erent  from  any  illustrated  by  the  ijrevious  figures. 
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Photo-Micrograpb, 
by  Geobge  W.  Rafter. 
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Photo-Mici'ograph, 
by  George  W.  Rafter. 
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Photo-Mi  crograpli, 
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Photo-Micrograph, 
by  George  W.  Rafter. 
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Photo-Micrograph, 
by  George  W.  Rafter. 
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Photo-Micrograph, 
by  Georgf,  W.  Raftf.r. 
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Pboto-Microsraph, 
bv  Dr.  J.  Edward  Line. 
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DISCUSSION. 


Professor  Albert  E.  Leeds. — I  am  liardly  prepared  at  so  short  a 
notice  to  discuss  the  ehiborate  paper  of  Mr.  Rafter  in  the  manner  which 
it  deserves,  and  I  can  only  bring  to  your  notice  a  few  observations  in 
connection  therewith,  which  I  trust  may  be  worthy  of  your  attention. 

In  the  first  place  I  think  it  is  of  considerable  interest,  and  especially 
to  engineers  of  the  City  of  New  York,  that  one  of  the  earliest  inquiries 
into  this  subject  was  made  by  Dr.  Torrey  so  long  ago  as  the  summer  of 
1850.  At  that  season  the  w^ater  supply  of  the  City  of  New  York  was  ex- 
tremely oflFensive.  Dr.  Torrey  examined  the  water  at  Croton  dam  and 
found  that  much  of  it  was  of  a  bright  green  color,  which  color  proved 
to  be  due  to  the  accumulation  of  algfe.  He  took  the  water  from  the  city 
hydrants  and  concentrated  it  by  evaporation,  when  it  developed  a  smell 
similar  to  that  of  the  water  taken  at  Croton  dam.  He  took  some  of  the 
water  containing  the  alga?  and  distilled  it.  The  distillate  contained  a 
volatile,  oily  material  in  which  was  concentrated  a  taste  and  odor  similar 
to  that  affecting  the  whole  water  supply.  He  attributed  this  oftensive- 
ness  to  the  growth  of  algfe  in  the  water.  He  gave  it  as  his  opinion  (one 
deserving  of  much  attention  as  coming  from  so  eminent  a  biologist, 
chemist  and  botanist)  that  while  the  water  was  so  offensive,  yet  it  was 
wholly  without  deleterious  influence  on  health. 

I  notice  that  Mr.  Rafter  speaks  of  the  development  of  the  offensive 
taste  and  smell  in  connection  with  certain  varieties  of  algfo  containing 
starch.  I  note  likewise  that  he  states  as  the  result  of  an  experiment 
upon  a  solution  of  starch  in  water,  that  this  solution  after  standing  for 
several  days  gave  a  similar  stench.  In  this  connection  I  would  suggest 
that  the  starch  that  he  experimen*^ed  upon  was  jDrobably  not  chemically 
pure.  The  ordinary  commercial  starch  is  not,  containing  in  addition  to 
starch,  which  is  a  carbo-hydrate,  some  albuminous  matter.  The  offen- 
sive taste  and  smell  were  probably  associated  with  the  albuminoid 
impurity. 

Now  in  regard  to  the  taste  and  odor  affecting  the  water  supply  of  the 
City  of  Jamestown.  As  consulting  chemist  of  the  Jamestown  Water 
Company,  I  think  it  would  not  be  right  to  allow  this  occasion  to  pass 
Avithout  protesting  against  what  I  think  is  an  erroneous  impression  in- 
advertently conveyed  by  Mr.  Rafter's  paper.  The  Jamestown  Water 
Company  originally  derived  its  water  from  a  series  of  driven  wells,  sunk 
to  a  depth  of  80  or  100  feet,  believing  that  these  wells  were  their  purest 
obtainable  soui-ce  of  water  supply.  To  the  best  of  my  knowledge,  which 
is  derived  from  personal  inquiries  upon  the  spot,  the  company  never  re- 
sorted to  the  water  taken  from  the  outlet  of  Chautauqua  lake  except  in 
case  of  fires.  When  this  great  trouble,  this  offensive  taste  and  smell  had 
V>een  noticed,  which  was  long  prior  to  the  use  of  the   Chautauqua  lake 
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water,  they  constructed  a  conduit  to  the  foot  of  Chautauqua  lake. 
They  did  not  make  use  of  the  water  from  that  source,  however,  until  I 
urged  thorn  to  do  so.  I  made  this  recommendation  because  analysis  had 
shown  that  the  water  taken  from  Chautauqua  lake  was  of  good  quality, 
in  fact  not  inferior  in  point  of  excellence  (except  in  regard  to  its  con- 
taining a  higher  percentage  of  carbon)  to  the  water  taken  from  the 
driven  wells.  I  ascribed  the  jiresence  of  the  algae  to  the  water  from  the 
driven  wells,  and  connected  with  the  growth  of  these  algte  the  i)resence 
of  the  large  amount  of  oxide  of  iron  in  the  mains.  Unfortunately  I  did  not 
make  the  identification  of  the  algas  as  Crencthrix.  I  am  delighted  to 
hear  that  that  identification  has  been  successfully  made. 

Mr.  Eafter  has  quoted  with  approbation  the  monograph  of  Dr.  Zopf, 
entitled  "  Crewo/Ar/j;,  the  water  calamity  of  Berlin."  One  could  with 
equal  truth  say,  "  Crenoth'ix,  the  water  calamity  of  the  Jamestown 
"Water  Supply  Company,"  because  that  company  owed  to  the  Crenothrix 
a  i^ersecution  which  for  violence  and  injustice  has  rarely  been  exceeded. 

A  few  words  in  regard  to  the  development  of  diatoms.  In  the  sum- 
mer of  1886,  the  water  in  the  Greenwood  Cemetery  reservoirs  became 
extremely  offensive,  and  Mr.  Charles  B.  Brush,  M.  Am.  Soc.  C.  E. ,  sub- 
mitted that  water  to  me  for  examination.  Tlie  supply  was  from  driven 
wells.  This  water,  filtered  as  it  is  through  the  surface  strata  of  sand,  in 
its  original  condition,  is  of  great  purity.  But  after  being  pumped  up 
into  the  reservoirs  it  showed  an  abnormal  develoj^ment  of  diatoms.  I 
attributed  the  bad  odor  and  taste  to  the  presence  of  these  diatoms,  or 
rather  to  the  growth  and  decay  of  that  gelatinous  jelly  which  envelops 
them  as  a  matrix.  The  analyses  of  the  reservoir  water  as  compared  with 
those  of  the  original  water  in  the  driven  wells  exhibited  a  greit  increase 
of  carbonic  acid  in  solution  and  of  ammonia,  and  a  great  decrease  of  dis- 
solved oxygen. 

The  chemical  jihenomena  in  the  Greenwood  Cemetery  reservoir  were 
similar  in  their  character  to  those  in  the  water  of  the  Hoboken  reservoir 
in  the  summer  of  1884,  although  in  the  latter  case  the  growths  were  not 
diatomaceous,  but  were  due  to  the  development  of  algjc  belonging  to 
the  genus  Oscillnria. 

1  have  omitted  saying  anything  as  to  the  suggested  remedy.  When 
the  Jamestown  Water  Com})any  retpiested  a  remedy,  I  suggested  two — 
either  to  exclude  Hght  from  their  reservoir  or  to  aerate  the  water.  They 
elected  the  former  and  covered  the  reservoir.  The  exclusion  of  light 
had  not  the  slightest  influence  in  preventing  the  growth  of  the  algio  and 
the  development  of  the  oflfensive  taste  and  smell. 

Professor  Elwyn  Waller. — It  is  certainly  an  encouraging  sign  of  the 
times  that  the  growing  interest  in  sanitary  science  has  induced,  among 
other  things,  a  more  careful  study  of  the  phenomena  connected  with 
odors  in  water  supplies  during  the  last  fifteen  years  or  so.  I  remember 
that  in  1876,  when,  as  chemist  to  the  New  York  Board  of  Health,  I  was 
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called  upou  to  investigate  the  subject  in  eonuectiou  with  the  appearance 
of  odors  in  the  Croton  water,  the  record  of  observations  on  th(!  subject 
was  exceedingly  meager  and  unsatisfactory.  Our  knowledge,  however, 
is  not  yet  in  such  a  form  that  in  any  given  case  we  can  immediately 
detect  the  cause  and  apply  a  remedy,  but  a  considerable  advance  has 
been  made. 

In  the  investigation  referred  to  I  foimd  that  out  of  say  one 
hundred  and  fifty  public  water  supplies  in  various  sections  of  the 
country,  about  half  of  them  had  had  some  experience  of  the  kind.  Of 
those  places  where,  within  the  knowledge  or  recollection  of  those  then 
having  charge  of  the  water  supply,  no  experience  of  odors  in  the 
supply  had  been  had,  several  have  since  had  manifestations  of  the 
phenomena.  In  the  replies  which  I  received  to  a  circiilar-letter  of 
inquiry  the  data  furnished  were  often  insufiScieut,  especially  where  no 
odor  was  reported;  but,  so  far  as  I  could  learn,  of  those  reporting  no 
odor,  nine  or  ten  at  least  were  from  artificial  reservoirs,  and  four  were 
on  limestone  formations.  Of  those  where  odors  had  appeared,  at  least 
twenty-six  drew  their  supplies  from  artificial  and  eight  from  natural 
lakes.  Naturally  fiiller  data  were  given  where  odors  had  been  per- 
ceived, and  it  may  be  erroneous  to  generalize  from  these  figures. 

When  (he  matter  first  attracted  general  attention,  and  the  algsB 
were  said  to  be  the  cause,  many  doubts  were  thrown  on  this  view 
of  the  case.  I  remember,  in  1876  or  1877,  receiving  a  letter  from  Pro- 
fessor W.  R.  Nichols  on  the  subject,  in  which  he  remarked,  "Ihere  is 
too  much  of  the  Post  lioc,  ergo  propter  hoc  "  about  this.  In  an  annoying- 
case  of  the  occurrence  of  the  "  cucumlier  odor  "  in  the  "  Bradlee  basin  " 
at  Boston  in  1876,  report  was  made  by  Professors  Nichols,  Farlow  and 
Burgess  that  the  water  contained  apparently  no  more  chemical  sub- 
stances or  vegetable  or  animal  life  than  usual.  Later  on,  with  a  recur- 
rence of  the  trouble,  possibly  from  the  same  source,  Professor  Remsen 
found  the  cause  in  the  decomposition  of  the  Spongilla  JluriatiUs,  which, 
having  been  attached  to  the  sides  of  the  reservoir  and  not  floating  in  the 
water,  may  have  perhajjs  escaped  notice  in  1876.* 

The  fishy  character  of  the  odor  in  some  cases  led  many  to  suspect 
that  the  jiresence  of  considerable  numbers  of  fish,  or  the  prevalence  of 
some  disease  among  them  was  the  cause.  At  several  places  reservoirs 
were  emptied  at  considerable  expense,  only  to  find  comjiaratively  few 
fish,  and  those  few  in  a  healthy  condition.  The  thought  has  occiirred 
to  me  that  in  some  cases  more  fish  instead  of  fe^ver  might  be  a  remedy, 

*  Note  by  G.  W.  R. — The  sponge  which  Proftssoi-  Ketnsen  found  at  Farm  ponii,  and  fig- 
ured in  his  Report  on  a  Peculiar  Condition  of  the  Water  at  Boston,  in  November,  1881,  is 
properly,  by  the  recent  work  of  Mr.  Potts,  Meyenia  fluviaiilis  instead  of  Spongilla  fluviatilis, 
Auct,  as  given  by  Professor  Eemsen  on  the  authority  of  Mr.  Hyatt.  For  modern  classifica- 
tion of  fresh  water  sponges  see  Contributions  towards  a  Synopsis  of  the  American  Forms  of 
Fresh  Water  Sponges,  etc.,  by  Edward  Potts,  in  the  Proceedings  of  the  Academy  of  Natural 
Sciences  of  Philadelphia,  April-August,  1887. 
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l)y  serving  to  preserve  the  proper  })alance  between  tlie  animal  anil 
vegetable  forms  of  life.  In  some  cases,  liowever,  a  fungoid  growth  on 
the  bodies  of  the  fish  has  accompanied  the  presence  of  odors  in  a  water 
(Haverhill,  Mass.).  Professor  Nichols,  in  his  book  on  Water  Supply, 
suggests  that  when  the  algse  form  scums  on  the  surface  of  the  water  it 
may  cut  oflf  the  supply  of  air  necessary  for  the  fish. 

The  theory  of  the  i)roduction  of  innumerable  bacteria,  when  there  is 
nothing  for  them  to  feed  upon,  seems  unlikely.  Other  theones  were 
advanced,  some  more  or  less  absurd.  I  recall  one,  that  the  action  of  the 
water  uj^on  vegetable  matter  produced  crenic  and  apocrenic  acids 
which  attacked  the  iron  pipes,  and  thus  gave  oflf  those  ill-smelling  com- 
pounds which  result  from  the  solution  of  cast-iron  in  an  acid.  This  is 
untenable,  since  the  odors  are  not  the  same,  and  moreover  frequently 
have  appeared  where  the  water  is  not  and  has  not  been  in  contact  with 
iron  i^ipes. 

It  seems  now  that  we  can  accept  the  view  that  frecpiently,  though  not 
necessaiily  always,  the  odors  in  water  supplies  are  attributable  to  algie, 
or  some  other  vegetable  growth.  Many  direct  experiments,  such  as 
those  quoted  by  Mr.  Rafter  as  having  been  made  with  the  Volvox,  con- 
stitute strong  arguments  in  this  direction.  In  general  the  presence  of 
large  quantities  of  certain  forms  of  algse  just  previous  to  or  during  the 
prevalence  of  odors  is  another.  As  to  the  counter-ai'gument  that  the 
odors  have  appeared  sometimes  in  cold  weather,  when  the  conditions  are 
apparently  less  favorable  for  vegetable  development,  we  seem  to  have 
found  a  reply  in  the  point  made  by  Mr.  Eafter,  that  the  algje  are  ex- 
tremely hardy,  and  not  only  survive  l)ut  may  flourisli  at  comparatively 
low  tem})eratures.  With  larger  plants  some  will  grow  during  winter, 
though  the  warmth  of  summer  favors  the  most  of  them,  and  as  to  the 
algje  as  a  class,  some  representatives  flourish  on  the  snow,  while  others 
again  have  their  habitat  in  hot  sj^rings.  As  to  odors  in  water,  they  occur 
most  frequently  in  summer,  though  they  sometimes  appear  in  winter. 

It  seems  probable  that  a  fair  uniformity  of  temperature  has  a  consider- 
able influent^e;  that  the  alga^  observed  by  Mr.  Rafter  in  March,  when  the 
snow  had  scarcely  gone,  would  have  been  destroyed  by  a  sudden  rise  in 
temi^srature,  though  they  might,  jjerhaps,  endure  and  flourish  if  the 
temi^erature  were  gradually  raised  to  that  of  summer.  A  sudden  fall  of 
temperature^  was  noted  to  be  fatal  to  certain  of  the  Not^tocs  (Albany),  and 
a  high  temperature  is  recorded  as  having  killed  multitudes  of  the  Chtlhro- 
ct/stia  (Horn  Pond,  Mass.). 

In  this  connection  it  may  be  well  to  recall  the  observation  of  Mr.  T. 
W.  Davis,  at  Poughkeejisie,  that  when  the  temperature  of  the  water  in 
the  filter  beds  passxl  70  degrees  Fahr.,  the  odors  in  the  watev  began  to 
cause  complaint.  From  this  we  may  only  legitimately  conc-lude  that  the 
temperature  of  70  degrees  and  over  will  favor  tlie  development  of  odors 
from  certain  alg.e. 
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This  serves  to  emphasize  one  point  of  importance,  that  reservoirs  for 
"vvater  shonkl  not  be  too  shallow. 

Some  other  points  which  Mr.  Kafter  did  not  mention  may  he  here 
allnded  to  as  ai:)parently  having  influence  on  the  development  of  the 
offending"  alga?.  One,  that  in  some  cases  the  estahlishment  of  a  circula- 
tion of  the  water  in  the  reservoir  has  mitigated  or  removed  the  trouble 
(New  Haven).  The  effect  may  have  been  due  to  aeration,  to  jireveution 
of  stagnation,  or  to  both.  In  that  connection  it  may  be  said  that  the 
testimony  as  to  the  prevalence  of  the  odor  in  dead  ends  of  a  supi^ly  sys- 
tem is  very  conflicting.  Observers  as  to  this  point  may  sometimes  be 
deceived,  at  least  in  some  of  our  up-town  streets  in  New  York,  where,  as 
I  am  told,  in  many  cases,  though  a  large  main  in  which  there  is  plenty 
of  flow  runs  through  the  center  of  the  streets,  the  houses  on  the  side  of 
the  streets  draw  from  a  second  or  third  side  main  parallel  to  the  chief 
one,  and  are  in  reaHty  drawing  from  dead  ends.  The  arrangement  as- 
described  to  me  is  something  like  this: 


I  ^    UWOl-O    ^TUX.V.TL. 
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4-  i-11-clv  TnoucTc  of  te.iu  close-cLoX  «-nA/ 


Another  point  is,  that  the  filhng  up  of  a  basin  without  i)revioiisl\- 
cleaning  it  is  likely  to  leave  to  decay  in  the  water  numerous  trees  and 
other  forms  of  vegetable  Hfe,  which  furnish  food  and  shelter  for  an  im- 
mense variety  of  algfe  and  other  forms  of  life  which  may  produce  odors. 
I  anticipate  that  if  the  Quaker  bridge  dam  is  built,  and  (as  I  understand 
is  the  plan)  the  ground  is  not  jjreviou-ly  cleared  before  the  water  is  let 
in,  we  shall  have,  on  a  large  scale,  a  repetition  of  the  conditions  pro- 
duced at  New  Britain,  Conn.  There  the  town  could  not  aS"ord  the 
expense  of  cleaning  the  reservoir  site,  and  they  had  an  appearance  of 
odor  every  summer,  which  was  less  and  less  every  year  for  about  twelve 
years.  In  1874,  the  thirteenth  year,  I  believe,  they  had  a  short  and 
sharj)  attack,  lasting  about  two  weeks,  during  which  time  the  President 
said  it  had  been  "never  worse." 

Among  the  conditions  favoring  the  development  of  algte,  or  iipon 
which  some  of  them  are  dependent,  Mr.  Eafter  mentions  the  jjresence 
of  certain  mineral  compounds,  as  suljjhates  for  Beggiatoa,  etc. ;  lime  for 
Bab-achoHpermum,  etc.;  ii'on  for  Crenothrix;  silica  for  Innctia;  and  so- 
dium chloride  for  marine  forms,  and  jjossibly  in  smaller  amounts  for 
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most  fresli-w-ater  forms  as  well.  If  he  could  add  to  tlie  list  potassium 
aud  magnesium  compounds,  we  woiild  have  the  full  quota  of  mineral 
sul)stances  which  are  usually  found  in  all  natural  waters.  These  obser- 
vations are  of  great  interest,  but  will  be  of  limited  service  in  measures 
of  prevention  or  cure. 

As  to  the  more  immeLliate  cause  of  the  odors,  Mr.  Rafter  states  that 
they  may  be  caused  (1)  by  volatile  oils;  (2)  by  decaying  starch;  or  (3)  by 
decaying  nitrogenous  jelly  secreted  by  certain  forms.  The  latter,  in  his 
estimation,  is  probably  the  usual  one.  This  brings  up  the  rather  im- 
portant question  as  to  whether  the  odoriferous  i)rinciple  is  developed 
during  the  life  or  after  the  death  of  the  algae.  From  the  evidence  which 
has  been  collected,  it  seems  reasonable  to  conclude  that  in  some  cases  it 
is  the  one;  in  other  cases,  the  other.  It  setms  probable,  or  at  least  pos- 
sible, that  the  formation  of  a  volatile  oil  may  be  coincident  with  the 
fructification  of  some  alg^e,  and  that  this  is  immediately  followed  by  the 
death  of  the  parent,  and  under  such  conditions  it  woiild  be  a  difficult 
matter  to  decide  the  point. 

The  presence  of  any  volatile  oil  in  JVb.stocs  and  many  other  odor- 
Ijroducing  algae  is  denied  by  Mr.  Rafter.  In  that  connection  I  may 
mention  the  extraction  of  a  fatty  substance,  soluble  in  ether,  called  by 
Dr.  Torrey  "vegetable  wax,"  from  the  residues  of  water  teeming  with 
JSfostoG.     It  was  without  ajiparent  odor. 

The  observation  as  to  the  nitrogenous  character  of  the  jelly  was  illus- 
trated by  an  examination  which  I  had  occasion  to  make  on  the  Croton 
Avater  in  1881,  probably  at  the  time  referred  to  by  Mr.  Rafter  as  men- 
tioned by  Mr.  Hyatt. 

Of  the  worst  sam})les  the  filtered  water  contained  but  little  ammonia, 
chiefly  albuminoid,  but  the  unfiltered  water  showed  considerable 
amounts  of  both  kinds  of  ammonia. 

Mr.  Rafter  further  remarks  upon  certain  forms  of  life  which  have 
hitherto  been  regarded  as  innocent  of  the  production  of  odors,  and 
makes  out  a  strong  case  against  VoJvox  and  some  diatoms.  The  remark 
as  to  the  apjiearance  of  a  rotifer  as  the  enemy  of  Volvox  suggests  a 
similar  observation  of  Dr.  0.  T.  Jackson,  in  connection  with  the  Cochit- 
iiate  water,  that  Cj/dops  was  an  enemy  of  certain  odor-caiising  sub- 
stances or  organisms.  Moreover,  Professor  Lupton  reported  upon  the 
examination  of  the  water  of  Nashville,  Tenn.,  when  it  was  affected,  that 
Cyclops  was  very  abundant,  and  in  one  case  of  the  trouble  in  the  water 
suiiply  of  Trenton,  N.  J.,  Dr.  Henry  Wurz  attributed  it  to  the  presence 
of  Cijdops.  We  have  here  either  auotluH'  supposed  innocent  organism 
to  be  added  to  the  list,  or  a  suggestion  of  a  possible  destroyer  of  certain 
•objectionable  forms  of  vegetable  life,  at  least,  objectionable  when  appear-  ^ 
ing  in  such  overwhelming  numbers.  fl 

In  tlie  light  of  these  facts  may  it  not  be  the  ca.se  that  any  one  of  the 
lower  forms  of  life  dwelling  in  fresh  water  may  at  times  develop  to  an 
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abnormal  extent,  and  cause  odors  in  water  hy  the  death  and  decay  of 
myriads  of  iudividnals,  -which  are  destroyed  in  the  straggle  for  existence 
with  one  another?  Taking  that  \dew,  it  is  useless  to  designate  one  as  an. 
odor-i)roducing  species  and  another  as  innocent,  since  any  one  forni^ 
whether  animalcule  or  alga,  may  be  the  caiise  in  any  particular  case,  and 
the  question  Avoiild  bring  itself  down  to  the  proper  preservation  of  the 
balance  between  the  various  forms  of  life.  Our  superintendents  of 
water  works  would  then  have  to  be  stiidents  of  aquaria. 

It  is  no  doubt  true  that  the  suiserintendent  who  regards  the  reservoir 
under  his  charge  more  in  the  light  of  an  aquarium  than  of  an  exagger- 
ated water  tank,  will  be  the  more  successful  in  his  management. 

Finally,  Mr.  Rafter  suggests  that  the  presence  of  these  odoriferous 
algae  may  be  a  danger  signal.  As  to  that,  we  hardly  know  enough  on 
the  subject  to  venture  iipon  even  a  very  guarded  statement.  Certainly 
so  far  as  the  evidence  goes,  there  is  no  iJarticular  danger  to  health  in 
swallowing  considerable  numbers  of  various  sjjecies  of  algaj  whicli 
directly  or  indirectly  cause  the  odor.  So  far  as  I  know,  but  one  case  of 
a  poisonous  alga  has  been  jjut  on  record.  * 

This  was  in  Lake  Alexandria,  Australia.  The  plant  was  said  to  be  a 
Nodularia,  and  develoi^ed  vigorously  when  the  temperature  of  the  water 
was  74  degrees  Fahr.  Domestic  animals  which  drank  the  water  con- 
taining it  were  seized  first  with  stupor,  then  with  sjiasms,  which  were 
followed  by  convulsions  and  death.  It  no  doubt  would  also  have  been 
fatal  to  human  beings,  f 

As  to  preventive  methods  which  have  been  found  efficient  in  some 
cases,  I  have  already  alluded  to  the  attention  to  the  cpiestion  of  temper- 
ature, of  circulation,  and  also  the  removal  of  vegetable  debris  from  the 
reservoir  site.  Another  sxxggestion  may  be  found  in  the  experience  of 
Mr.  McFadden  at  Philadelphia,  where  the  presence  of  odors  was  pre- 
vented by  the  simjjle  exi^edient  of  taking  the  supi^ly  from  below  the 
surface.  Any  one  or  all  of  these  means  may,  and  indeed  have,  fre- 
quently proved  ineffectual.  We  evidently  need  much  more  information 
on  the  subject,  and  consequently  such  information  as  has  been  contril)- 
uted  by  Mr.  Rafter  is  most  welcome. 

One  of  Mr.  Rafter's  closing  remarks,  though  not  i)erhaps  based  on  a 
misconception,  might  prove  misleading.  He  seems  to  imjily  that  algai 
may  be  purifying  agents  because  nitrites  and  ammonia  form  a  part  of 
their  sustenance.  To  this  I  feel  constrained  to  remark  that  the  nitrites 
and  ammonia,   even  in  the  most  contaminated  waters,  are  absolutely 

*  Nature,  XVIII  (1878),  page  11. 

t  Note  by  G.  W.  K. — A  similar  case  of  a  poisonous  alga  is  reported  from  Minnesota.  J. 
C.  Arthur  has  given  an  account  of  it  in  the  "  Bulletin  "  of  the  Minnesota  Academy  of  Nat- 
ural Sciences,  Vol.  II,  Bui.  IV,  and  Vol.  Ill,  Bui.  I.  The  investigation,  however,  was  only 
made  after  the  fact,  and  some  doubts  remain  as  to  the  alga  being  the  cause  of  the  trouble. 
Mr.  Arthur  claims  in  his  report  to  have  finally  identified  the  offending  form  as  Glxolrichick. 
Pisum. 
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liarmless  in  the  projiortions  in  which  they  there  exist,  but  that  their 
Ijresence  in  comparatively  large  proj^ortion  is  an  indication  of  the  pres- 
ence of  nitrogenous  organic  matter  in  a  state  of  decomposition  which  is 
probably  therefore  dangerous.  If,  then,  the  nitrites  and  ammonia  are 
removed  from  a  water,  it  may  still  be  dangerous,  but  in  the  present 
state  of  our  knowledge,  a  chemist  Avould  be  likely  to  pronounce  it  safe. 

A.  Fteley,  M.  Am.  Soc.  C.  E. — Mr.  President,  my  excuse  for  rising 
to  discuss  this  subject  is  that,  having  been  engaged  in  a  number  of 
w^orks  where  a  great  deal  of  annoyance  was  caused  by  the  presence  of 
algpe,  I  have  been  obliged,  out  of  necessity,  to  study  the  question  as 
much  as  it  was  in  my  power  to  do. 

Those  who  have  had  occasion  to  study  questions  of  drainage  and 
Avater  supply,  involving  the  welfare  of  large  communities,  will  agree 
with  Professor  Leeds  that  their  sohition  is  very  often  embarrassed  and 
Tetarded  by  the  introduction  of  subjects  entirely  foreign  to  the  scientific 
character  of  the  matter  in  hand,  based  mostly  on  local  j^rejudices,  and 
<;onsequeutly  introducing  in  the  debate  an  amount  of  bitterness  which  is 
very  detrimental,  if  not  absolutely  fataP,  to  the  proper  consideration  of 
technical  points. 

To  that  cause,  I  believe,  must  be  attributed  the  doubtful  result  of 
investigations  which,  if  not  interfered  with,  would  have  jirobably 
increased  our  field  of  knowledge. 

As  an  illustration  of  the  remarks  just  made,  I  remember  that  during 
one  of  the  jjeriods  of  "bad  water"  in  Boston,  at  a  time  when  excite- 
ment ran  high  on  that  account,  outsiders,  without  sufiicient  knowledge 
of  the  resources  and  local  conditions  of  the  water  supjily,  aggravated 
matters  by  publishing  descrii^tions  and  analyses  of  water  collected  at 
l^laces  jiarlially  disconnected  from  the  sources  of  supply  and  supjjlied 
in  small  .quantities  at  gi'eat  distances  from  the  i^oiut  of  taking.  The  facts 
were  most  probably  true,  but,  without  jn'oper  explanation,  they  were 
misleading. 

There  is,  most  probably,  a  great  diversity  of  causes  for  the  bad  tastes 
and  odors  in  public  water  supplies  ;  they  may  be  often  traced  to  the 
presence  of  microscopic  vegetable  growths  in  the  reservoirs  where  the 
water  is  kept  stored  in  large  volume,  or  at  any  rate  these  growths  are 
contemporaneous  with  them  ;  but,  at  times,  the  same  trouble  ma^-  occur 
without  their  presence.  Such  has  been  my  exiiorieuce  in  regard  to 
three  reservoirs  containing  from  200  to  1  100  million  gallons,  wliich  I 
closely  observed  for  several  seasons. 

It  is  possible  that  my  want  of  skill  as  a  niicroscopist  may  have  pre- 
vented me  from  finding  in  the  water  spores  of  alg?e  or  other  minute 
bodies  which  might  have  been  the  cause  of  the  trouble,  but  at  times  I 
have  failed  to  find,  with  a  glass  of  high  jiower,  any  alga?  or  other  micro- 
xcoiiic  bodies,  while  at  other  times  I  could  readily  determine  the  various 
.species  which  were  generally  found  in  those  waters. 
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Professor  Waller  has  referred  to  Professor  Nichol's  exi)erieu<.'e  in  re- 
gard to  Bradiee  basin,  in  Boston.  As  the  occurrence  is  familiar  to  me,  I 
may  be  permitted  to  add  a  few  details  which  apjiarently  confirm  the 
statement  just  made. 

Bradiee  basin  is  one  of  two  twin  reservoirs  from  which  the  water  re- 
ceived from  the  storage  grounds  of  the  system  is  mainly  distributed  into 
the  city  ;  they  are  separated  from  one  another  by  an  artificial  emliank- 
ment — one,  the  Bradiee  basin,  having  been  excavated  to  the  rock  l)ottom, 
whUe  the  bottom  of  the  other  is  formed  by  the  original  meadow  soil  ; 
but  the  water  in  the  Bradiee  basin,  with  a  rock  bottom,  had  such  a  dis- 
agreeable taste  that  its  use  had  to  be  discontinued,  while  in  the  other 
division  with  the  meadow  bottom  it  was  of  sufficiently  good  (quality  to  be 
distributed  to  the  consiimers.  A  few  weeks  after  the  shutting  ofi"  of  the 
contaminated  basm  the  taste  disappeared,  without  ajipareut  cause,  and 
the  water  was  again  used  without  complaint. 

The  irregularity  which  seems  to  accompany  the  symptoms  just  de- 
scribed is  found  also  in  the  distribution  of  the  taste  among  the  various 
places  of  consumption.  At  times  the  bad  taste  seemed  to  he  limited  to 
certain  parts  of  the  city  ;  at  other  times,  although  general,  it  was  not  of 
equal  intensity  in  different  jilaces,  or  it  even  disappeared  at  irregular  in- 
tervals. A  singular  fact,  reported  several  times  to  me,  was  that  while 
the  taste  was  very  pronounced  on  the  ground  floor  of  the  house,  it  would 
be  almost  iMii^erceptible  at  the  toj). 

As  to  the  habits  and  appearance  of  algai  in  the  reservoirs  that  I  hap- 
pened to  examine  with  some  care,  I  may  be  permitted  to  refer  to  a 
description  published  in  one  of  the  reports  of  the  Massachusetts  Board 
of  Health  ;  the  facts  therein  noted  may  be  found  of  interest : 

"The  causes  of  the  alterations  observed,  especially  during  the  sum- 
mer, in  the  quality  of  the  water  of  oiir  piiblic  supjiHes,  remain  very 
often  unknown,  and  local  observations  are  generally  found  to  be  insuffi- 
cient. A  complete  system  of  observations  extending  over  several  years, 
covering  an  extensive  territory,  and  embracing  various  descriptions  of 
water  supplies,  would  be  needed  to  throw  any  light  on  the  question. 

"The  following  observations  have  been  limited  to  some  of  the  ponds 
connected  with  the  water  supply  of  Boston.  They  cover  too  short  a 
time  to  be  conclusive,  but  they  have  furnished  a  few  facts  which  may 
suggest  some  new  and  moi-e  complete  researches. 

"Of  the  three  sources  of  water  suppUes  of  Boston,  one,  the  Cochitu- 
ate,  has  presented  no  unusual  feature  this  year  ;  the  new  supply  from 
Sudbury  river  M^as  in  a  peculiar  condition.  Althoixgh  its  water  has  been 
furnished  in  a  large  proportion  to  the  city  for  the  last  five  years,  the 
new  reservoirs  were  filled  this  year  for  the  first  time.  Notwithstanding 
these  ixnfavorable  conditions,  the  water  has  been  unobjectionable  in 
quaHty  ;  but  it  has  been  observed  that  sulphureted  hydrogen  was  found 
in  the  reservoirs  duiing  July  and  August,   and  could  be  plaioly  per- 
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ceivetl  Avhen  the  water  Avas  flowing  througli  the  sluice-gates.  The  smell 
of  the  gas  disappeared  after  a  short  exjiosure  of  the  water  to  the  air,  and 
none  of  it  was  ever  detected  in  the  conduit. 

"The  temi)erature  of  the  water  in  the  reservoirs  at  the  time  that  the 
presence  of  sulphureted  hydrogen  was  detected  in  it  was  remarkably 
high,  as  shown  by  the  accompanying  diagram  ;  and  it  was  identical  at 
top  and  bottom,  although  the  depth  at  the  jjoint  of  observation  was 
more  than  20  feet.  A  number  of  readings  taken  in  June,  July  and 
August,  and  not  not  3d  at  the  time,  showed  generally  a  similar  result, 
which  may  suggest  the  idea  that  the  temperature  of  the  water  was  kept 
uniformly  high  by  chemical  action.  The  disengagement  of  sulphur- 
eted hydrogen  ceased  apparently  toward  the  end  of  August ;  but  it  may 
be  seen  by  the  diagram  that,  since  that  time,  the  temperatures  at  top 
and  bottom  of  Reservoir  No.  3  have  continued  to  be  singularly  near  one 
another. 

"The  principal  trouble  experienced  this  summer  about  the  water 
supply  of  Boston  was  due  to  the  presence  of  an  abundant  formation  of 
algse  in  soma  of  the  ponds  of  the  Mystic  sapiDly,  and  also,  to  a  less  ex- 
tent, in  one  of  the  new  reservoirs  on  Sudbury  river  (Basin  No.  3). 

"These  minute  plants,  which  apjsear  to  be  uniformly  distiibuted 
throughout  the  water,  flow  with  it,  and  are  of  such  a  small  bulk  that 
they  cannot  be  separated  by  screens.  The  wind  has  a  noticeable  effect 
on  them,  and  often  blows  tliem  toward  the  lee  shore,  where  they  accu- 
mulate and  form  a  solid  scum  of  a  sharp  green  color.  When  in 
the  fresh  state  they  emit  a  peculiar  musty  odor  ;  if  stranded  by  the 
action  of  the  wind,  they  soon  decay  and  form  a  bluish-green  mass  which 
develops  a  smell  as  of  organic  matter  in  process  of  decomposition  ; 
when  in  the  water  the  algte  remain  siispended  for  some  time,  and.  after 
a  while,  sink  to  the  bottom.  This  result,  which  it  would  be  difficult  to 
observe  directly  in  a  large  mass  of  water,  is  indicated  by  the  fact  that 
the  large  quantities  of  algse  which  have  been  found  in  the  reservoir,  at  a 
time  when  there  was  no  outflow  from  it,  have  diminished  several  times, 
and  ultimately  disappeared,  without  leaving  at  the  surface  or  on  the 
shores  any  indication  of  their  presence.  The  same  result  has  been  ob- 
tained several  times  by  putting  in  a  closed  bottle  water  containing  some 
of  the  green  scum  collected  in  Reservoir  No.  3;  after  a  short  time,  one 
or  two  days,  a  portion  of  the  green  matter,  of  a  light  shade,  sinks  to  the 
bottom  ;  examined  under  the  microscope  it  proves  to  be  composed  of 
one  kind  only  of  alg^e,  presenting  the  apjx' irance  of  strings  of  single 
cells;  the  rest,  of  a  darker  green,  containing  plants  of  a  rounded  shape, 
floats  on  the  surface  for  a  few  days,  and  then  sinks  ;  before  the  end  of 
one  week  all  the  vegetable  matter  is  at  the  bottom,  where  its  color 
changes  from  day  to  day  from  green  to  brown.  Almost  from  the  begin- 
ning of  the  experiment,  the  contents  of  the  bottle  emit  an  extremely  of- 
fensive odor  of  decomposition,  which  increases  as  the  plants  decay  and 
lose  gradually  their  characteristic  form." 
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Of  the  formation  of  the  algno,  or  of  its  cause,  little  is  known, 
but  it  is  remarkable  that  they  ai)pear  suddenly  in  large  (quantities. 
Shallow  fiowage,  it  is  said,  favors  their  development,  j^robably  on 
account  of  the  higher  temperature  which  the  water  attains  in  such  con- 
ditions when  heated  by  the  sun;  but  they  are  formed  very  rapidly  also  in 
deep  water.  I  have  observed  several  times  that  large  quantities  ap- 
peared in  a  very  short  time,  equally  distributed  through  hundreds  of 
millions  of  gallons  of  water  20  feet  deep,  several  hundred  feet  from 
any  shore,  and  in  very  calm  weather;  the  quantity  of  alga3  in  the  water, 
as  observed  in  Bisia  No.  3,  seemed  to  vary  constantly,  increasing  or 
diminishing  with  wonderful  rapidity. 

I  have  some  reason  to  believe,  from  the  statements  of  various  jjersons, 
that  the  same  kind  of  vegetation  has  been  observed  in  years  past  in  this 
vicinity;  but  in  the  absence  of  reliable  evidence  on  the  subject,  some 
doubt  may  exist  about  the  identity  of  the  vegetable  formations. 

It  has  been  suggested  that  the  develoi^ment  of  the  algfe  in  the  Mystic 
supply  may  have  been  favored,  if  not  caused,  by  the  presence  oi  the 
sewage  matter  which  finds  its  way  into  it;  but  the  algse  have  been  ob- 
served also,  in  less  quantity,  however,  in  ponds  which  are  entirely  free 
from  such  pollutions.  It  is  particularly  remarkable  that  no  vegetable 
groAvth  of  the  same  kind  has  been  seen  in  the  Aliajonna  river  or  its  mill 
l^onds,  although  they  receive  some  very  objectionable  drainage,  at  the 
time  that  the  other  branch  of  the  Mystic  supply,  the  Horn  jiond  branch, 
has  been  full  of  it.  This  fact  is  so  much  more  noticeable,  because  Horn 
pond,  where  the  algpe  have  l)een  found  in  great  abundance,  is  very  deep 
generally,  and  presents  a  small  j)roi3ortion  of  shallow  flowage.  A  some- 
what similar  condition  of  things  has  been  observed  in  Framingham, 
where  algse  have  been  groAving  in  Basin  No.  3,  a  deep,  artificial  reservoir 
built  on  the  Stony  Brook  l)ranch  of  Sudbury  river,  while  Basin  No.  2, 
on  the  other  branch  of  the  river,  and  of  less  depth,  has  been  entirely 
free  from  vegetable  growth. 

The  accompanying  diagram,  Plate  LXX!JiV^,  shows  simultaneous 
observations  made  in  October,  November  and  December.  It  does  not 
seem  that  the  degree  of  the  humidity  of  the  atmosphere,  or  the  barometric 
jjressure,  has  any  marked  efi"ect  on  the  algpe;  but  their  formation  api^ears 
to  follow  the  temijerature,  especially  the  temjierature  of  the  water,  in- 
creasing and  diminishing  with  it.  The  scale  for  the  diagram  showing 
the  amount  of  algse  found  in  the  water  indicates  only  proportional 
quantities  obtained  by  daily  observations.  To  determine  these  quantities 
the  water  was  examined  at  certain  given  stations,  each  representing  a 
portion  of  the  total  area;  and  sami^les  procured  at  each  station,  at  top, 
middle  and  bottom  of  the  water,  were  compared  to  a  constant  standard. 
Coefficients  j^roijortional  to  the  areas  rejDresented  by  each  station,  and 
to  the  degree  of  turbidity  of  each  sample  as  appreciated  by  the  eye, 
were  then  used  to  establish  the  daily  returns.     These  results  may  not  be 
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strictly  correct,  but  it  is  believed  that  tbey  represent  very  fairly  the 
condition  of  the  water. 

Although  screens  fail  to  free  the  water  from  the  algfe,  the  latter  can 
be  retained  on  filter-beds  constructed  in  the  usual  manner ;  when  they 
are  abundant,  however,  they  form  in  a  short  time  an  almost  imper^iou8 
covering  over  the  filtering  surfaces.  To  filter  large  quantities  of  water 
under  these  conditions  would  require  very  extensive  filtering  areas  and 
frequent  cleanings,  at  a  great  exjoense. 

A  small  experimental  filter,  one  yard  square,  made  of  gravel  and 
sand,  and  constructed  in  the"  well-known  manner  recommended  for 
water  sui^phes,  showed  that,  in  operating  on  water  containing  a  moderate 
quantity  of  algic,  the  filtering  capacity  of  the  apj^aratus  was  reduced  in 
eight  days  from  sixty  gallons  per  twenty-four  hours  and  per  square  foot 
to  seventeen  gallons;  another  time  it  was  reduced  in  the  same  niimber  of 
days  from  seventy -five  to  fourteen  gallons. 

The  sand  used  being  rather  too  fine,  the  filter  was  made  over  again, 
with  well-washed  sand,  from  which  all  fine  jDarticles  had  been  excluded 
by  using  a  wire  sieve  of  twenty-four  meshes  to  the  inch;  in  this  case  the 
filtering  capacity  was  reduced  in  eleven  days  from  one  hundred  and  nine 
to  twenty-three  gallons  jjer  square  foot  and  i>ev  twenty-four  hours.  The 
table  below  shows  the  daily  results  of  the  experiments. 

NuMBEK  OF   Gallons   Filteked  per   Square   Foot  and  per  Twenty- 
four  Hours. 


First  day 

Second  day. . 
Third  day... 
Fourth  day.. 

Fifth  day 

Sixth  day 

Seventh  day. 
Eighth  day.. 
Ninth  day. . . 
Tenth  day... 
Eleventh  day 


First 

experiment. 

Gallons. 


60 

50 

53.3 

40 

19.17 

18.50 

16 

17 


Second 

experiment. 

Gallons. 


75.1 

19.2 

18.5 

17 

16 

15.5 

15.5 

li.l 


Third 

experiment. 

Gallons. 


109 

109 

120 
80 
80 
65 
54 

42.8 
34.3 
26.6 
22.8 


At  the  rate  of  the  last  experiment,  it  would  require  233  000  square 
feet  of  filtering  surface  to  filter  ten  million  gallons  per  day,  and  each 
filter  bed  would  need  cleaning  once  a  week. 

After  each  experiment  there  was  found  on  the  surface  of  the  filter  a 
slimy,  greenish  matter,  presenting  the  peculiar  musty  odor  of  the  alga? ; 
and  the  surface,  when  dry,  became  so  much  hardened  by  its  mixture 
with  the  sediment,  that,  to  the  touch,  it  closely  resembled  slightly 
frozen  sand.     The  sand  did  not  apjj.^ar  to  be  penetrated  by  the  vege- 
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table  deposit;  a  slight  scrapiug  of  its  surface  showed  it  very  free  from 
foreign  matter. 

Professor  Leeds  referri'd  also  to  Professor  Nichol's  examination  of 
Horn  j)ond  in  Wobnrn,  Mass. ,  in  1873  or  1874.  It  that  case  the  api^ear- 
ance  of  the  pond  was  very  different  from  -what  I  have  seen  elsewhere; 
the  stench  arising  from  the  water,  the  characteristic  "pig-pen"  odor  was 
such  as  to  drive  away  some  of  the  inhabitants  from  the  shore,  and  the 
surface  was  covered  with  a  thick,  slimy  deposit,  looking  like  animal 
matter  in  decomposition.  This  idea  was  encouraged  by  the  fact  that 
several  tanneries  were  then  draining  into  the  pond;  but  the  surface 
shme  was  recognized  as  decomposed  algte,  and  after  a  short  time  it  dis- 
ajjpeared,  leading  the  water  in  its  ordinary  condition. 

The  origin  of  the  bad  tastes  and  odors  in  public  water  supplies  is,  at 
best,  obsctire;  and  in  many  cases  it  is  probable  that  they  have  been 
admitted  as  due  to  causes  which  were  not  sufficiently  studied. 

In  1881  the  water  m  Farm  pond,  near  Boston,  became  exceptionally 
bad  in  taste;  the  trouble  became  so  serious,  owing  to  the  fact  that  all  the 
supply  from  Sudbury  river  had  to  pass  through  that  sheet  of  water, 
that  the  jjond  was  emptied,  and  in  a  few  days  an  artificial  ditch,  over  4  500 
feet  long,  was  constructed,  j^artly  in  the  sandy  bottom  of  the  pond, 
partly  in  a  timber  flume  supported  hj  sheet  pihng,  of  siifficient  capacity 
to  convey  independently  from  the  pond  a  maximum  of  forty  million 
gallons.  Professor  Kemsen,  of  Baltimore,  was  called  to  investigate  the 
matter,  and  much  credit  is  due  him  for  having  discovered  in  the  waters  of 
the  pond  a  sj)ecies  of  sponge,  the  presence  of  which  had  not  before 
been  susjjected  in  the  water  supply.  Tliis  Spongilla  was  declared  to 
be  the  cause  of  all  the  trouble.  Without  being  able  to  refute  absolutely 
that  oi^inion,  I  believe  that  the  conclusion  arrived  at  is  too  sweej^ing  in 
its  character.  Farm  pond  is  about  200  acres  in  area,  and,  at  that  time, 
the  water  contained  in  it  was  constantly  changing  to  some  extent,  owing 
to  the  fact  that  a  large  j^roportion  of  the  city  supply  was  flowing 
through  it;  when  it  was  emptied,  the  Spongilla  was  collected  from  a 
large  proportion  of  the  bottom  which  became  exi^osed,  but  the  whole  of 
it  would  not  have  filled  a  bushel  basket.  It  is  difficult  to  suppose  that 
this  small  qiiantity  could  have  contaminated  to  such  an  extent  so  large 
a  volume  of  water.  Moreover,  after  collecting  a  bucket  full  of  the 
Spongilla,  1  had  it  washed  several  times  in  well  water,  and  although  it 
was  allowed  to  remain  in  that  water  for  a  considerable  time,  the  bad 
taste  was  not  reproduced.  The  same  Spongilla,  when  again  immersed  in 
pond  water,  very  soon  resumed  the  old  taste  to  such  an  intensity  as  to 
suggest  a  remarkable  power  of  absori^tion. 

As  I  am  on  the  subject  of  Farm  pond,  I  desire  to  state  that  when  the 
construction  of  a  permanent  aqueduct  across  it  was  first  spoken  of,  J.  P. 
Davis,  M.  Am.  Soc.  C.  E. ,  then  City  Engineer  of  Boston,  suggested 
the  idea  of  adding  to  it  an  api^aratus  for  forcing  air  through  water.    The 
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suggestion  was  not  carried  out,  but  may  projaerly  be  mentioned  in  con- 
nection -with  the  remarks  on  the  same  subject  by  previous  speakers. 

In  the  course  of  the  discussion  on  Mr.  Eafter's  paper,  a  distinction 
has  been  made  between  natura  and  artificial  reservoirs  of  water.  It  is 
possible  that  the  necessities  of  a  water  suj^ply,  by  producing  rapid 
changes  in  the  volume  of  water  contained,  and  excessive  fluctuations  of 
the  water  mark,  may  jjlace  artificial  reservoirs  in  excei^tional  conditions, 
favorable  to  the  development  of  some  of  the  evils  comjilained  of,  but  it 
is  most  probable  that  the  differences  between  the  two  classes  of  sources 
of  supply  are  sometimes  imaginary,  from  the  fact  that  artificial  reser- 
voirs are  more  closely  observed,  and  that  the  slightest  deterioration  of 
their  waters  is  at  once  necessarily  discovered.  I  recall  hearing  loud 
comj)laints  from  people  living  in  the  vicinity  of  Farm  pond  (already 
mentioned)  as  to  the  deterioration  of  its  water  since  it  had  become  a  part 
of  the  watar  supply  of  Boston;  while  an  investigation  disclosed  the 
facts,  well  known  to  the  oldest  inhabitants,  that  the  surface  was, 
previously,  sometimes  covered  with  patches  of  green  stuff  Avhich  were 
then  supposed  to  come  from  an  accumulation  of  the  pollen  fallen  from 
pine  trees,  and  that  the  water  was  sometimes  in  such  a  condition  of 
"fomentation"  that  when  going  fishing  the  thirst  was  better  quenched 
with  something  stronger  than  the  bad  tasting  j)ond  water. 

An  allusion  has  been  made  in  the  course  of  these  remarks  to  the 
possible  trouble  to  result  from  the  growth  of  algte  in  the  very  extensive 
reservoir  coutemiilated  by  the  City  of  New  York  in  connection  with  its 
new  aqueduct  in  the  valley  of  the  Croton  river.  The  oiii^osition  to  the 
building  of  that  reservoir  was  so  great  from  some  quarters  that  the 
Aqueduct  Commissioners  requested  the  Board  of  'Health  to  give  them 
its  views  in  regard  to  the  probable  sanitary  condition  of  the  proposed 
reservoir.  The  board  and  its  ad\dsers  investigated  the  qiiestion  with 
care,  and  reported  that  the  great  depth  of  the  lake  would  be  conducive 
to  the  purity  of  the  water.  I  fail  to  see  that  the  chances  for  the  forma- 
tion of  algse  will  be  more  numerous  in  the  future  than  at  i^resent,  and 
this  growth  depends  so  much  on  local  conditions  that  a  comparison 
with  the  present  reservoir  is  jsrobably  the  safest  ground  on  which  to  base 
an  opinion.  The  present  Croton  reservoir  is  a  comparatively  small, 
shallow  sheet  of  water,  siibject  to  numerous  fluctuations  which  expose 
during  the  summer  large  areas  of  land,  thus  producing  conditions 
favorable  to  the  growth  and  develojiment  of  algse  ;  its  shores  present  at 
times  a  very  objectionable  appearance  when  the  water  is  low;  and  yet 
for  more  than  forty  years  it  has  furnished  to  New  York  a  very  accept- 
able supply  su]ierior  to  that  of  some  other  cities.  The  advantage  with 
the  same  local  conditions  is  in  favor  of  the  larger  and  deeper  reservoir. 

As  to  the  advisability  of  remo\dng  the  loam  and  all  perishable 
matters  from  its  area  before  construction,  it  is  clearly  out  of  the  range 
of  practicability,  although  some  opponents  of  the  project  have  freely 
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given  their  opinion  that  other  sites  for  reservoirs  could  be  easily  pro- 
cured by  additional  excavations  to  the  tune  of  a  goodly  number  of 
billion  of  gallons  (five  million  cubic  yards  per  billion  gallons)  ! 

It  is  certainly  better,  when  within  practical  limits,  to  remove  the 
loam  from  the  surface  of  reservoii-  grounds  near  the  water  mark, 
although  experience  shows  that  inside  of  a  very  few  years  after  fiowage 
nature  produces  that  resiilt  within  the  limits  of  fluctuation,  except  on 
flat  grounds;  but  a  general  removal  of  the  top  soil  is  not  to  be  advised. 

Once  in  my  experience,  at  a  time  when  the  i^ublic  were  under  the 
influence  of  excitement  produced  by  the  temjiorary  deterioration  of  the 
water  supply,  a  large  expenditure  of  several  hundred  thousand  dollars 
was  incurred  in  order  to  secure  a  perfectly  clean  bottom  for  a  large 
reservoii".  The  principle  was  good,  but  although  this  occurrence  took 
place  a  few  years  ago,  I  have  failed  to  hear  that  the  results  are  such  as 
to  justify  the  great  outlay;  the  bottom,  however,  was  so  thoroughly 
denuded  that  although  the  foundations  of  the  dam  are  very  deejj  and 
well  established,  a  large  loss  of  water  is  produced  by  the  general  perco- 
lation through  the  ground. 

As  mountain  streams  cannot  be  secured  for  all  communities,  we  must 
rest  satisfied  with  what  we  can  procure  in  many  instances,  i.  e.,  surface 
water,  and  turn  our  efi'orts  toward  the  improvement  of  our  water  sup- 
plies. Before  thinking  of  radical  remedies,  however,  we  ought  to  know 
better  the  causes  of  the  evils  from  which  we  are  suffering.  We  are  in 
possession  of  the  results  of  a  large  amount  of  very  valuable  research  on 
the  subject,  and  able  men  are  constantly  at  work  at  it,  but  it  seems  that 
our  efforts  are  not  sufficiently  concerted.  Observations  made  at  one 
spot  under  certain  circumstances  would  acquire  much  more  value  if 
they  could  be  compared  with  similar  observations  conducted  elsewhere, 
and  many  individual  efforts  are  wasted  for  want  of  the  connecting  links 
in  the  chain  of  evidence  which  could  be  furnished  by  others. 

The  results  already  obtained  in  this  line  of  investigation  by  the 
Massachusetts  State  Board  of  Health  in  its  efforts  to  make  a  rational  and 
connected  study  of  the  question  of  water  supplies  throughout  their  State, 
indicate  clearly  what  additional  advantage  could  be  obtained  from  ex- 
tending the  common  field  of  research. 

The  subject  is  an  important  one  to  those  whose  fate  it  has  been  to 
wrestle  with  these  questions  in  the  face  of  the  discontent,  and  even  of  the 
indignation  of  his  fellow-citizens.  It  is  a  vital  one  and  fit  to  be  considered 
by  this  Society.  I  consequently  suggest  that  a  special  committee  be 
appointed  for  the  purpose  of  corresponding  with  those  who  are  most 
interested  in  the  question  of  water  supply  for  cities  and  towns,  and  of 
ascertaining  whether  it  would  be  possible  to  join  in  a  systematic  study 
of  these  matters  under  concerted  action. 

Chakles  B.  Brush,  M.  Am.  Soc.  C.  E. — I  have  had  some  experience 
in  this  matter.     First,  in  relation  to  the  water  of  natural  ponds.     When 
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I  was  in  the  Adiroudacks  I  took  samples  of  water  from  the  Great  Lakes- 
at  a  depth  of  about  60  feet  and  had  them  analyzed.  I  found  that  the 
quality  of  the  water  was  not  equal  to  the  water  we  are  supplying  at 
Hoboken. 

As  to  the  remedy  for  algpe,  I  can  only  tell  you  what  I  have  been 
doing.  Our  supply  is  rather  complicated.  We  furnish  water  to  nearly 
a  dozen  cities  and  towns  of  small  dimensions  as  compared  to  New  York, 
but  they  illustrate  the  difficulties  which  have  to  be  met.  I  have  found 
that  the  less  I  store  the  water,  the  quicker  I  deliver  it  to  the  consumer, 
the  better  is  the  supply.  If  I  can  only  have  a  storage  sufficient  at  any 
point  for  j^roper  head  and  for  relief  in  case  of  fire,  then  I  have  the  most 
efficient  storage  for  that  particular  town.  We  have  a  reservoir  of  some 
sixteen  million  gallons,  and  from  that  reservoir  we  supply,  when  the 
pumps  are  not  working,  all  the  little  towns  depending  upon  us.  My 
practice  during  the  past  few  years  has  been  to  put  a  tank  on  a  suitable 
summit  in  each  town  and  have  an  automatic  arrangement  so  that  the 
tank  is  always  kejot  full.  In  such  a  case  I  have  no  trouble  with  algse. 
One  town  had  a  reservoir  built  before  the  pi'esent  company  owned  the 
works,  and  during  eight  or  ten  years  there  was  at  times  complaint  in 
this  town  as  to  the  quality  of  the  water  from  algfc.  Since  we  have  i^ut 
in  a  tank  and  abandoned  the  reservoir  there  has  been  no  further  trouble. 
I  believe  the  reservoir  was  too  large.  For  a  time  I  siipplied  through 
the  by-pass.  While  the  water  was  rising  in  the  reservoir  there  were  no 
complaints,  but  they  were  renewed  if  there  was  a  draft  on  the  reservoir, 
especially  if  the  water  had  been  stored  in  the  reservoir  for  any  length  of 
time. 

The  peculiar  thing  about  algje  is  that  if  a  consumer  tastes  them  once 
he  imagines  he  is  tasting  them  for  several  weeks  afterward.  On  two  or 
three  occasions  when  complaint  had  been  made  I  went  to  the  town  and 
found  that  the  water  was  all  right.  I  determinec\then  to  find  out  whether 
it  was  true  that  the  water  was  bad  in  certain  parts  of  the  town  and  good 
in  other  jiarts  of  the  same  town.  I  gave  directions  as  soon  as  the  next 
complaint  was  received  to  have  an  examination  of  the  town  made  and  to 
locate  the  bad  taste.  I  found  after  a  little  inquiry  that  the  inspector 
simply  took  the  word  of  the  consumer.  When  the  next  complaint  was 
made  I  immediately  went  up  and  took  the  inspector's  report  as  he  made 
it  for  the  day  and  went  to  those  houses  myself  and  tried  the  water.  In 
every  case  where  they  said  the  water  was  bad,  I  found  that  it  was  good. 
Then  I  called  the  consumer  and  asked  him  if  he  could  detect  any  smell 
or  taste  in  the  water.  He  s:iid  he  could  not.  When  I  asked  why  he  had 
reported  it  as  bad,  he  said,  "Well,  it  was  bad  two  weeks  ago." 

Now  the  first  remedy,  it  seems  to  me,  is  to  keep  the  water  in  motion. 
The  next  remedy  that  I  found  is  to  treat  the  reservoir  purely  and 
simply  as  an  aquarium— to  keep  in  it  a  proper  equilibrium  of  animal 
and  vegetable  life.     I  have  stored  my  reservoirs  with  carp,  and  after  the 
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carp  had  gone,  with  l)lack  bass.  I  believe  that  iu  a  reservoir,  as  iu  an 
acpiarinm,  by  having  a  proper  proportion  of  animal  and  vegetable  life, 
th(;  Avater  will  be  clean  wiiere  otherwise  it  would  be  foul. 

Mr.  Fteley  has  sjjoken  of  the  bitter  prejudice  with  which  this  subject 
is  treated.  That  is  something  in  which  I  have  had  some  experience. 
The  Mayor  of  our  city  called  public  meetings,  and  I  was  informed  that 
I  was  ex2:)ected  to  exi:)lain  why  the  water  was  bad,  and  to  remedy  it 
or  suffer  the  consequences.  Instead  of  considering  the  subject  as  a 
matter  wliich  was  incident  to  water  supplies  generally,  and  which 
would  have  to  be  examined  iu  a  scientific  way,  it  was  treated  with 
intemperance  and  ignorance.  The  prevailing  theory  at  the  first  meeting 
was  that  the  taste  came  from  the  cement  that  was  used  in  the  brick 
lining  of  the  reservoir,  and  that  the  acids  coming  from  the  cement  were 
the  cause.  Each  meeting  had  its  own  peculiar  advocate,  equally  intelli- 
gent and  equally  earnest. 

It  was  absolutely  necessary  that  w^e  should  do  something;  the  algfe 
were  there,  and  although  I  personally  drank  that  water  all  through 
that  period,  and  although  I  found  that  it  did  not  injure  me,  still  it 
was  a  most  disagreeable  condition  of  affairs.  An  expedient  which  was 
exceedingly  simple  was  suggested  to  me  by  Dr.  Leeds.  We  com- 
menced to  aerate  the  water,  and  we  have  been  aerating  it  ever  since. 
We  did  it  first  by  simj^ly  pumping  air  into  the  mains.  We  have  had 
no  difficulty  with  water  taken  from  the  mains.  Perhaps  this  was  due 
to  the  fact  that  the  water  was  in  motion.  Our  consumers  liked  it, 
and  we  continued  to  aerate  the  water.  We  found  that  on  certain  days 
the  algje  w- ould  be  on  the  surface  of  the  reservoir,  not  to  the  same  extent 
as  before,  but  to  a  certain  extent.  We  then  commenced  to  aerate  the 
reservoir,  and  have  been  aerating  it  for  the  last  tw^o  years.  Since  that 
time  we  have  had  no  algse.  At  times  I  have  stopped  when  I  have 
thought  that  there  was  a  possibility  of  algae  coming  in  the  water,  and 
have  let  them  acciimulate.  I  then  have  turned  on  the  air  from  the  arti- 
ficial springs,  and  the  algse  disappear. 

William  E.  Worthen,  Past  President  Am.  Soc.  0.  E. — Where  do 
they  go  ? 

Mr.  Betjsh. — I  think  they  go  to  the  air;  I  do  not  think  they  go  to 
the  bottom. 

Mr.  Worthen. — There  is  a  diflference  of  opinion  about  that. 

Mr.  Brush. — I  do  not  care  where  they  go  so  long  as  they  go.  I  soon 
found  that  by  keeping  the  water  in  motion  I  could  keeji  it  in  better  con- 
dition. As  an  exijeriment,  during  our  trouble,  I  shut  the  water  oflf  from 
the  reservoir.  I  wanted  to  see  what  it  would  do.  Professor  Leeds  and 
I  would  go  up  and  watch  it.  It  was  in  bad  condition  for  neax-ly  two 
weeks,  I  think,  and  then  it  was  liad  enough.  It  had  passed  from  the 
green  scum  to  the  bluish  appearance,  which  is  the  most  ofi'ensive  condi- 
tion.    But  after  it  had  gone  through  its  curing  process  it  did  not  smell. 
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and  there  was.  nothing  offensive   about  it.     Some  purging  process  is 
common  to  all  bodies  of  water. 

As  to  the  question  of  diagnosis,  I  am  a  homoeopathist  myself,  and 
have  been  all  my  life,  and  I  care  more  for  symptoms  than  for  a  diag- 
nosis. When  the  symptoms  ajipear  I  want  to  know  what  are  the 
remedies.  The  remedies,  I  consider,  are,  keep  the  water  in  motion,  keep 
the  vegetable  and  animal  life  in  j^roper  equilibrium,  and  aerate  the 
water.  If  there  are  any  other  remedies  that  do  not  injure  the  water  I  am 
anxious  to  know  them. 

Mr,  Fteley. — In  1874  or  1875,  when  the  City  of  Boston  was 
looking  around  for  a  new  water  supjily,  a  number  of  doctors — 
Dr.  Edward  S.  Wood,  Dr.  Swan  and  Dr.  Bowditch — were  ai^pointed  to 
examine  the  waters  of  the  various  streams  and  lakes  which  had  been 
indicated  as  best  to  serve  as  a  supply  for  Boston.  They  went  around 
and  made  an  examination,  and  among  the  experiments  they  made  was 
one  that  should  be  quoted  in  connection  with  Mr.  Brush's  remarks. 
They  took  some  of  the  water,  which  was  of  a  brownish  tinge,  water 
coming  from  a  stream  which  flowed  from  a  j^eat  meadow,  and  in  order 
to  see  what  aeration  and  motion  would  do,  they  attached  a  bottle  of  it  to 
the  ceiling  of  their  laboratory  and  let  it  fall,  drop  by  drop,  into  a  vessel 
on  the  floor.     The  change  in  the  color  of  the  water  was  very  small. 

Professor  Leeds. — Mr.  President,  it  surprises  me  to  learn  that  a 
sample  of  water,  after  falling  through  the  air,  was  not  worse  than  when 
it  started,  I  had  occasion  recently  in  some  experiments  on  peaty  water 
to  filter  water  twice  in  the  same  manner.  The  amount  of  nitrogen  was 
increased  by  dropjiing,  drop  by  drop,  through  the  au*.  It  was  filtered 
through  a  carefully  cleansed  filter  of  ignited  quartz  sand,  and  the 
increase  of  albuminoid  ammonia  in  the  filtrate  was  attributed  to  dust 
and  impurities  taken  up  by  the  water  in  falling  through  the  air. 

Mr.  Fteley. — I  was  sjaeaking  of  color  and  taste  only,  not  of  quality. 

EiMii;  KuiCHLiNG,  M.Am.  Soc.  C.  E. — Mr.  Rafter's  paper  is  one  of  much 
interest,  not  only  to  water  works  engineers,  but  also  to  hygienists  and 
chemists,  and  every  such  carefully  prepared  contribution  to  the  limited 
stock  of  exact  knowledge  on  the  subject  which  is  now  available  in  scien- 
tific literature  should  meet  with  a  hearty  welcome.  Disagreeable  tastes 
and  odors  are  of  common  occurrence  in  public  water  supplies,  ('S])ecirtlly 
in  those  cases  where  the  source  is  impounded  surface  water;  but  while 
this  fact  is  well-recognized,  little  attention  seems  to  have  been  given  to 
ascertaining  the  precise  cause  of  such  tastes  and  odors  in  the  great 
majority  of  cases,  and  the  pubUc  appears  to  be  contented  with  the 
general  assurance  from  physicians  that  no  serious  consequences  to 
health  have  ever  been  observcnl  to  follow  the  free  use  of  sucli  water. 

It  must,  however,  be  remembt^rcnl  that  in  alisolutely  pure  water  no 
form  of  life  can  exist  for  long  periods  of  time,  since  the  elements    of 
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nutrition  are  then  absent;  hence  the  presence  of  life  in  a  water  indicates 
that  the  same  is  not  entirely  imre,  and  therefore  it  may  be  asserted  that 
the  amount  and  quality  of  living  matter  in  a  water-sui:)ply  can  be 
regarded  as  a  measure  of  its  wholesomeness.  In  the  paper  under  con- 
sideration the  discussion  is  nominally  limited  to  algre,  although  the 
author  has  introduced  several  species  which  botanists  recently  class  with 
fungi  and  bacteria;  but  as  the  dividing  lines  between  these  three  classes 
of  thallophytic  vegetation  are  not  sharply  defined,  a  greater  scope  is 
generally  allowed  to  the  first-named  term  so  as  to  include  both  of  the 
latter.  To  admit  of  a  somewhat  wider  range  in  the  debate,  however,  it 
is  to  be  regretted  that  the  author  has  not  alluded  to  his  researches  in  con- 
nection with  the  presence  of  Zonphi/tes  and  microscopic  animal  life  in 
potable  water,  since  Spongilla,  even  in  small  quantity,  is  known  to  have 
communicated  an  offensive  taste  and  odor  to  large  ponds  and  reservoirs. 

As  stated  ia  the  paper,  the  aquatic  plants  capable  of  producing  dis- 
agreeable tastes  and  odors  in  both  the  water  and  the  atmosphere  above 
it  are  by  no  means  limited  to  some  of  the  colorless,  bluish,  or  bluish- 
green  microscopical  varieties,  but  may  belong  to  the  grass-green  fami- 
lies aad  even  to  other  orders  than  algae.  Much  depends  upon  the  stage 
of  growth  of  the  plant  whether  it  will  develop  such  offensive  qualities, 
and  doubtless  also  the  kind  and  amount  of  nutrition  contained  in  the 
water  play  an  important  i^art  in  this  respect.  In  the  course  of  my  ex- 
aminations of  certain  shallow  ponds  in  this  State  (New  York)  several 
species  of  coarse,  flowering  water  weeds  were  found  which  emitted  a 
nauseous  odor  when  removed  from  the  water,  and  which  was  highly  in- 
tensified \\])ow  being  crushed  between  the  fingers.  To  make  sure  that 
this  was  not  due  to  the  i^reseuce  of  minute  parasitic  algae,  sami^les  were 
submitted  to  a  thorough  washing  and  then  to  a  microscopical  examina- 
tion, but,  aside  from  a  few  diatoms,  no  other  plants  were  found  attached, 
and  on  crushing.the  sjiecimen  the  same  characteristic  odor  was  per- 
ceived as  before.  It  was  therefore  concluded  that  the  odor  emanated 
from  the  said  coarse  weeds  directly. 

Between  the  temperature  and  the  development  of  these  peculiar 
tastes  and  odors  in  a  w^ater  sujjply,  a  certain  relation  is  generally  be- 
lieved to  exist,  depending,  however,  upon  the  species  of  the  vegetation. 
Sometimes  the  development  occurs  in  winter  and  sometimes  in  summer, 
but  so  far  as  has  been  learned  from  the  reports,  the  species  of  plants 
producing  it  in  different  seasons  are  not  the  same.  At  Rochester,  N.  Y. , 
the  water  supply  from  Hemlock  lake  was  thus  affected  during  the 
■warm  season  in  1876  and  during  the  cold  season  in  1888  ;  in  the  former 
case,  the  cause  w^as  ascribed  by  Professor  Lattimore,  of  the  Univer- 
sity of  Rochester,  to  some  obscure  condition  of  a  variety  of  minute  algae, 
without  specifying  any  particular  species,  while  in  the  latter,  the  author 
and  his  associates  lay  the  blame  upon  Volrox,  as  set  forth  in  the  excel- 
lent paper.     It  should  be  remarked  that  in  the  list  of  algae  given  in  Pro- 
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fessor  Lattimorie's  report  on  the  condition  of  the  water  in  1876,  Volrox 
■was  not  mentioned.  In  other  localities  where  surface  waters  are  used  as 
a  source  of  supply,  the  diflScnlty  is  said  to  be  regularly  experienced  as 
soon  as  the  water  in  the  reservoirs  acquires  a  temperature  of  about  70 
degrees  Fahr. ,  thus  indicating  that  the  same  cause  is  in  operation. 

With  a  rise  in  temperature  to  above  45  degrees  Fahr.,  the  common 
bacteria  found  in  all  surface  waters  begin  to  increase  rapidly,  and  gener- 
ally attain  their  maximum  rate  of  develojjment  when  the  water  reaches 
its  warmest  state  in  oiJen  reservoirs,  provided  that  the  necessary  quality 
of  nutrition  is  available.  A  marked  reduction  of  temperature,  however, 
kills  off  many  varieties  after  they  have  reached  a  certain  growth,  and  in 
view  of  the  enormous  numbers  of  such  organisms  often  found  in  this 
kind  of  water,  it  maj  be  possible  that  the  offensive  taste  and  odor 
sometimes  result  from  their  decay.  It  is  needless  to  say  that  the 
ordinary  water  bacteria  here  referred  to  are  not  recognized  as  being 
in  any  sense  dangerous  to  health,  and  must  not  be  confounded 
with  the  disease-breeding  varieties;  but  as  several  eminent  bacteriolo- 
gists have  recently  advanced  the  proposition  that,  in  general,  the  quality 
of  a  i^otable  water  stands  in  inverse  ratio  to  the  uTimber  of  bacteria  con- 
tained therein,  the  subject  is  mentioned  in  the  hope  that  it  will  lead  to 
further  investigations  in  this  direction. 

The  theory  of  Mr.  Kafter  that  the  final  cause  of  the  odors  and  tastes 
in  a  water  supj^ly  must  be  sought  in  certain  secretions  of  the  algse  at 
different  stages  of  their  growth,  is  very  ingenious  and  plausible,  and 
opens  the  door  to  a  new  line  of  inquiry,  analogous  to  that  relatiug  to 
ptomaines.  The  putrefaction  of  gelatinous  and  starchy  liquids  is 
attended  with  a  peculiarly  nauseous  odor,  and  stili^hur  will  form  a 
variety  of  unstable  and  volatile  compounds  with  some  of  the  other 
elements  contained  in  the  water  or  the  plant;  as  to  the  oily  matter  thus 
secreted,  little  concerning  its  character  appears  to  be  as  yet  known.  It 
is  to  be  hoi:)ed  that  on  the  completion  of  his  investigations  Mr.  Eafter 
will  kindly  communicate  the  results  to  the  Society  in  another  paper. 

In  conclusion,  it  may  be  remarked  that,  inasmuch  as  the  author  has 
fully  set  forth  the  essential  facts  relating  to  the  most  interesting  cases  of 
the  contamination  of  a  public  water  siipply  by  algre,  which  I  have  had 
an  opportunity  of  studying  personally,  and  as  reference  to  other 
kindred  pollution  is  not  in  order,  little  further  remains  for  me  to  say  in 
the  i^remises. 

Dr.  J.  Edw.  Line. — The  statement  credited  to  Mr.  Fteley  by  the 
late  Professor  Nichols,  that  common  salt  added  to  water  having  a  given 
vegetable  taste  develops  therein  at  times  a  decidedly  oily  flavor,  suggests 
a  few  observations  pertinent  to  the  discussion. 

The  dissociative  eflfect  of  common  salt  is  seen  in  the  readiness  with 
which  the  oily  matter  of  the  skin,  also  its  superficial  epithelial  cells,  are 
removed  in  the  bath;  in  the  sojiaration  from  the  teeth  and  neighboring 
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soft  parts  of  salivary  and  mucous  deposits  and  particles  of  food,  thereby 
rendering  the  oral  secretions  miscible  in  water;  in  the  separation  of  the 
globules  of  milk  and  the  disks  of  blood ;  in  the  loosening  up  from  each 
other  of  the  fibers  of  such  tough  animal  tissues  as  the  cornea,  sclerotica, 
tendons,  fascise;  in  the  disintegration  of  masses  of  vegetable  matter 
floating  in  water;  in  effecting  the  discharge  of  the  contents  of  decayed, 
broken  or  otherwise  ruptured  vegetable  cells,  as  in  the  algfe. 

This  dissociative  effect,  studied  microscopically,  seems  to  be  due  to 
the  induced  shrinkage  of  the  cells  and  fibrous  components  of  the  mass, 
whether  animal  or  vegetable. 

This  shrinkage  is  toward  a  common  center,  the  contour  making  a 
closer  approach  to  modifications  of  the  sphere  than  normal.  Angular 
bodies  lose  their  angularity,  and  bodies  that  are  oblong  shorten  and 
thicken,  as  may  be  especially  remarked  in  the  oblong-celled  algse.  In 
assuming  the  forms  in  question,  the  cells,  fibers  and  filaments  are  torn 
asunder,  and  part  permanently  with  their  inherent  tendency  to  aggre- 
gation. 

With  this  dissociation  we  have  large  increase  of  surface  upon  which 
oxidizing  and  other  reducing  agents  act  to  such  a  degree  that  there  is 
marked  intensification  of  taste  or  odor,  or  both,  where  before  they  were 
hardly  or  not  at  all  XJerceptible.  Briefly,  the  intensity  of  the  taste  or 
odor,  or  both,  of  masses  of  animal  or  vegetable  matter  is  directly  as  the 
surface  exposed  to  the  reducing  agent. 

In  the  case  in  question,  assuming  the  oily  flavor  to  have  had  its  origin 
in  the  oily  matter  found  in  the  cells  of  certain  algje  [Vaucheria,  for  ex- 
ample), the  ajD plication  of  a  solution  of  sodium  chloride  would  disinteg- 
rate the  masses,  dissociate  its  elements,  thus  liberating  the  oily  matter 
that  had  escaped  from  cells  mechanically  ruptured,  or  whose  investment 
had  been  destroyed  by  decay,  causing  the  cells  to  empty  themselves  of 
their  contents  into  the  surrounding  medium. 

This  is  easily  demonstrated  microscopically.  In  the  case  of  Vau- 
cheria,  the  oil  globules  may  be  observed  in  the  cells  and  between  the 
filaments,  and  on  the  addition  of  sodium  chloride  they  are  seen  to  es- 
cape from  beneath  the  filaments  and  through  the  holes  and  fissures  of 
the  cells,  suggesting  an  interchange  between  the  medium  in  which  the 
mass  is  floating  and  the  denser  contents  of  the  cells,  its  oily  and  granu- 
lar matter  i^articiiJating  in  and  indicating  the  direction  of  the  current. 
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Discussion  at  Convention. 

Geo.  W.  Eafter,  M.  Am.  Soc.  C.  E. — The  paper  on  fresh  water 
alga3  has  already  been  read  at  the  regular  meeting  of  the  Society 
of  May  1st,  and  I  will  therefore  speak  very  briefly  at  this  time.  I  desire 
to  say  that  this  matter  has  been  with  me,  in  the  fullest  sense  of  the  word, 
a  leisure-hour  work.  I  have  been  in  the  predicament  of  having  to  do  a 
day's  work  every  day,  and  then  if  I  cared  to  amuse  myself  in  the  even- 
ing of  working  at  this  question  of  the  algae.  The  result  is,  there  are  a 
few  things  I  have  found  out  and  many  that  I  hope  to  find  out.  The 
paper  must  be  taken,  not  as  indicating  complete  data  as  to  the  algse  in 
relation  to  the  purity  of  water  supplies,  but,  rather  as  a  series  of  surmises, 
of  which  I  have  introduced  only  those  appearing  the  most  probable.  My 
facts,  of  course,  so  far  as  I  have  introduced  facts  into  the  paper,  I  think 
are  reliable. 

I  found  at  the  beginning  of  this  little  side  study  that  it  was  exceed- 
ingly difficult  to  get  any  information  about  fresh  water  algae  from  the 
sanitary  j^oint  of  view.  Scientific  people  have  studied  the  question  al- 
most exclusively  from  the  classificatory  point  of  view,  so  that  including 
the  forms  which  are  properly  classified  as  fresh  water  algss  both  in  this 
country  and  abroad,  there  are  catalogued,  illustrated  and  described  at 
least  ten  thousand  forms.*  Of  the  greater  number  of  these,  absolutely 
nothing  is  known  from  the  point  of  view  which  we  are  now  considering; 
the  life  history  of  many  is  still  entirely  unsettled.  The  field  of  work  is, 
therefore,  undoubtedly  very  large,  and  there  are  probably  many  questions 
of  development  which  will  bear  on  the  final  solution. 

1  also  found,  on  consulting  the  limited  literature  of  the  subject,  the 
opinion  quite  general  that  only  a  few  species  were  likely  to  cause 
trouble,  whereas  the  real  fact  as  stated  in  the  body  of  the  jiaper  is  that 
the  number  is  large.  That  these  troubles  usually  occur  in  the  summer 
or  fall  is  due  chiefly  to  the  fact  that  the  latter  part  of  summer  and  the 
fall  is  the  fruiting  period  with  a  considerable  number  of  species,  the 
period  of  comj^lete  development  of  the  process  of  reproduction,  and  it  is 
inferred  that  in  many  cases  the  objectionable  tastes  and  odors  are  asso- 
ciated with  the  reproductive  period,  and  while  I  am  unable  to  prove  the 
proposition,  I  am  nevertheless  quite  certain  that  in  some  cases  these 
tastes  and  odors  are  really  the  x-esult  of  the  reproductive  process  purely, 
and  are  entirely  independent  of  the  question  of  decay.  In  other  cases 
it  is  equally  certain  that  decay  is  the  sole  cause  of  the  trouble,  while  in 
a  third  class,  inasmuch  as  decay  frequently  follows  closely  on  fruiting, 
it  will  be  found  that  both  are  concerned  in  the  trouble. 

The  (piostion  of  ground  water  supplies  has  become  a  prominent  one 
in  this  country  and  is  likely  to  become  still  more  so  in  the  future. 

It  is  common  experience  that  there    are   parties   going   about   the 

*  This  includes  the  desmids  and  diatoms,  the  diatoms  being  by  far  the  greater  number. 
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country  "who,  wliile  without  scientific  attainments,  are,  as  a  matter  of  busi- 
ness, advocating  the  superiority  of  ground  water  supplies  for  any  and  all 
locations,  the  object  of  this  advocacy  being  of  course  the  sale  of  patented 
devices  for  obtaining  such  a  supply.  I  wish  to  call  the  attention  of  these 
gentlemen,  particularly,  to  the  untruthfulness  of  their  stock  statement, 
that  no  growths  of  any  sort  can  occur  in  ground  water  supplies.  Undoubt- 
edly, supplies  of  a  high  degree  of  purity  can  be  obtained  in  many  instances 
from  the  ground,  but  its  advocates  should  remember  that  such  a 
supply  is  not  only  essentially  experimental  but  that  it  almost  invariably 
imposes  troubles  peculiar  to  itself,  which  must  be  met  and  remedied 
frequently  by  considerable  exjienditure.  This  has  happened  both  at 
Berlin  and  Jamestown,  the  two  cases  cited,  while  Professor  Leeds  has 
called  attention  in  a  paper  before  the  New  York  Academy  of  Science  *  to 
the  expense  incurred  at  Greenwood  Cemetery,  because  of  offensive 
growths  in  water  from  driven  wells.  We  are  therefore  suflBciently  ad- 
vanced in  accurate  knowledge  of  this  particular  phase  of  our  subject  to 
affirm  with  a  considerable  degree  of  positiveness  (a)  that  a  covered  reser, 
voir  is  always  necessary  in  connection  with  ground  water  supplies;!  (b) 
that  such  a  reservoir  will  prevent  algal  growths  provided  Crenothrix  is 
not  present,  and  (c)  if  Crenothrix  is  present  there  is  as  yet  no  known 
remedy  except  to  send  the  water  to  the  consumer  immediately  on 
taking  it  from  the  ground  or  else  to  resort  to  expensive  sand  filtration 
or  possibly  artificial  aeration,  and  inasmuch  as  it  is  frequently  impossible 
to  send  the  supply  to  the  consumer  at  once,  it  follows  that  aground  water 
supply  mny  impose  the  expense  not  only  of  covered  reservoirs  but  of 
either  artificial  aeration  or  filter  heads  as  well.  Nevertheless,  I  should 
not  hesitate,  as  an  engineer,  to  recommend  aground  water  supply  in  any 
place  where  a  decent  consideration  of  all  sources  clearly  indicated  a 
minimum  total  expenditure  for  the  ground  water  supply,  questions 
of  quality  also  receiving  due  consideration.  My  only  object  in  intro- 
ducing this  phase  of  the  question  at  all  is  to  indicate  to  the  advocates  of 
the  various  driven  well  and  other  similar  projects  that  they  have  hardly 
given  the  matter  sufficiently  broad  consideration. 

In  this  connection,  I  may  say  that  I  am  not  yet  satisfied  that  artificial 
aeration  will  j^rove  efficacious  in  every  place,  although  the  arguments 
which  Professor  Leeds  has  given  elsewhere  %  are  strong  and  deserving 

*  The  American  System  of  Water  Purification,  by  Professor  Albert  R.  Leeds,  Ph.D.  Re- 
print, New  York,  1887,  pp.  11-12. 

t  1  of  course  do  not  overlook  the  fact  that  ground  water  supplies  may  be  constructed 
without  any  reservoir  at  all,  i.  e.,  direct  pressure,  but  such  construction  usually  implies  ex- 
penditure in  excess  of  cost  of  reservoirs,  either  in  additional  first  cost  of  plant  or  in  capital- 
ized cost  of  expense  of  operation,  so  that  it  may  be  affirmed  that  the  cases  are  exceptional  in 
which  a  rational  design  for  a  ground  water  supply  would  not  include  either  a  reservoir,  stand- 
pipe  or  elevated  tank  of  some  description ;  at  any  rate  the  assumption  made  is  sufficient  for 
the  purposes  of  the  present  argument. 

+  The  American  System  of  Water  Purification,  and  Reports  on  Present  and  Future  Water 
Supply  of  Philadelphia,  in  the  Annual  Reports  of  the  Philadelphia  Water  Department  for 
1884  and  1885;  pages  353-381  of  Report  for  1884,  and  pages  379-400  in  Report  for  1885. 
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of  very  careful  attention.  We  must  not  overlook,  however,  the  fact  that 
many  of  the  algse  flourish  best  under  what  can  be  appropriately  termed 
conditions  of  ideal  natural  aeration,  as  for  instance,  on  rocks  constantly 
wet  from  dashing  spray,  in  running  brooks  and  other  similar  locations, 
and  these,  too,  are  mostly  forms  which  can  be  classed  as  aquatic  rather 
than  aerial.  It  is  quite  probable,  therefore,  that  the  case  may  arise  in 
which  artificial  aeration  will  lead  to  increase  of  the  difficulty  which  it  is 
intended  to  remedy. 

The  opinion  has  been  expressed  in  the  course  of  the  discussion  that 
circulation  will  prevent  the  formation  of  the  objectionable  algee.  Upon 
this  i^oint  as  well  as  the  preceding  one  I  cite  the  following  :  In  the  lat- 
ter part  of  April,  1889,  I  had  occasion  to  examine  a  rapid  riinning  moun- 
tain stream  in  Central  Pennsylvania,  with  reference  to  its  value  as  the 
source  of  a  water  supply  for  one  of  the  towns  of  that  region.  The  stream 
is  fed  by  springs  flowing  from  the  base  of  sandstone  ridges,  and  topo- 
graphically and  geologically  is  an  ideal  water  supply.  An  analysis  made 
at  the  time  by  a  Philadelphia  chemist  resulted  as  follows  (results  in 
parts  per  100  000) : 

Solid  matter  upon  evaporation  to  dryness 4.84 

Silica  (SiO.) 1.72 

Alumina  (Al^Og)  )  /^  iq 

Oxide  of  iron  (FooOa)  j 

Lime  (CaO) 0.54 

Magnesia  (MgO) 0.25 

Sulphuric  acid  (SO  3)  in  combination 0.29 

Chlorine  (CI)  in  combination 0.50 

Free  ammonia Trace 

Albuminoid  ammonia 0.005 

Nitrogen  in  nitrates ' 0.068 

Nitrogen  in  nitrites 0.0003 

From  the  point  at  which  it  was  proposed  to  erect  a  dam  and  form  au 
impounding  reservoir  to  head  of  stream  was  about  one  mile,  in  which 
distance  the  stream  fell  at  least  150  feet.  The  feeding  springs  were  few 
in  number,  and  each  contributed  a  considerable  volume  to  the  flow.  On 
April  22d,  every  point  along  the  stream  where  algte  could  find  any 
chance  to  grow  was  swarming  with  them,  and  in  one  dozen  collections 
made  at  various  points,  all  within  one  mile,  the  following  were  identified : 

Spirogyra,  A^aucheria, 

Zygnema,  Oedogonium, 

Ulothrix  (3  si^ecies),  Fragillaria  (2  species), 

Tetraspora,  Synedra. 

All  of  these  were  in  an  active  growing  state,  and  a  mill  pond  further 
down  the  stream  was  nearly  overrun  with  them.  In  this  stream,  in  which 
flowed  ground  water  of  great  purity,  at  any  rate  a  process  of  natural 
aeration  was  going  on  far  superior  to  any  artificial  process  that  could  be 


DISCUSSION  ON  PUlllTY  OF  WATER  SUPPLIES.  529 

devised,  and  nevertheless  the  algte  flourished  abundantly  at  the  same 
time.  The  water  however  was  deliciously  i)leasant  and  I  had  no  hesita- 
tion in  recommending  it  as  being  a  desirable  source  of  supx)ly. 

The  clew  to  the  reason  for  a  vigorous  develoiiment  of  algiie  in  this 
stream  is  undoubtedly  furnished  by  the  chemical  analysis,  from  which 
it  is  learned  that  these  waters  contained  quite  an  appreciable  amount  of 
inorganic  nitrogen,  and  this  would  act  as  a  stimulant  of  algal  life.  In 
such  cases  we  are  compelled  to  admit,  however,  that  the  algas  are  in  no 
sense  purifying  agents,  but  are,  on  the  contrary,  the  cause  of  some  de- 
terioration. 

In  the  same  vicinity  a  spring  was  visited  from  which  the  flow 
amounted  to  several  hundred  thousand  gallons  in  twenty-four  hours. 
Nevertheless,  the  margins  were  thickly  coated  with  a  vigorous  growth  of 
diatoms.  The  analysis  of  this  water  stood  (results  in  parts  per 
100  000) : 

Solid  matter  upon  evaporation  to  dryness 15. 76 

Silica  (SiOj) 1.30 

Alumina  (AI2O3)  \  ,  ,^ 

Oxide  of  iron  (be^Oa)  f 

Lime   (CaO) 7.83 

Magnesia  (MgO) 0.54 

Sulphuric   acid  (SO  3)  in  combination 0.07 

Chlorine  (CI)  in  combination 0.93 

Free  ammonia 0. 003 

Albuminoid  ammonia 0.003 

Nitrogen  from  nitrates  and  nitrites 0.38 

Relative  to  artificial  aeration,  therefore,  it  appears  that  we  are  war- 
ranted in  concluding  that  benefit  will  probably  follow  its  apiDlication,  in 
case  water  needs  to  be  washed  free  of  an  odor  ;  we  may  also  expect  bene- 
fit in  sewage  contaminated  waters  where  bacteria  are  materially  assisting 
nitrification.  The  experience  of  Mr.  Brtish  at  Hoboken  and  Greenwood 
Cemetery  further  indicates  that  it  will  sometimes  assist  in  getting  rid  of 
the  algae,  but  that  it  will  certainly  be  efficacious  in  every  possible  case, 
is  still  an  unsettled  question. 

J.  James  R.  Croes,  M.  Am.  Soc.  C.  E.  (the  Chairman). — In  an  intro- 
duction to  the  discussion  of  matters  relating  to  the  i)urity  of  public  water 
8ui)plies,  a  few  remarks  on  the  general  subject  of  the  nature  of  the  investi- 
gations referred  to  in  the  paper  under  consideration  may  not  be  inaj)- 
jjrojjriate  for  the  information  of  those  present  who  are  not  familiar  with 
the  subject.  We  are  all  aware  that  at  certain  times  most  water  sui^plies 
drawn  from  reservoirs,  whether  natural  or  artificial,  are  subject  to  a 
species  of  disease,  rendering  the  taste  and  odor  of  the  water  offensive  for 
a  time.  The  conditions  under  which  this  disease  has  made  its  appear- 
ance have  been  so  various,  so  far  at  least  as  examination  by  unassisted 
vision  and  observation  could  disclose,  that  the  causes  of  the  disease  have 
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remained  obscure.  Carefully  framed  theories,  based  upon  the  conditions 
found  to  exist  in  one  case,  have  been  completely  overthrown  by  observa- 
tion of  other  cases,  where  the  same  apparent  conditions  existed,  but 
the  results  were  entirely  different. 

Chemical  analysis  alone  also  failed  utterly  to  discover  the  causes  of 
the  disease. 

In  the  general  progress  of  microscopical  and  chemical  investigation 
during  the  last  few  years  it  has  become  evident  that  the  influence  of  the 
infinitesimal  and  to  the  unassisted  eye,  invisible,  forms  of  animal  and 
vegetable  life  with  which  nature  abounds,  on  those  organisms  which 
from  their  greater  size  we  look  upon  as  the  superior  ones,  is  far  greater 
than  had  been  supposed.  The  generation,  growth  and  decay  of  micro- 
scopic animals  and  plants  have  been  found  to  produce,  or  at  any  rate  to  be 
coincident  with,  certain  phenomena  which  previously  had  been  supposed 
to  be  contingent  upon  or  caused  by  chemical  conditions  for  the  varia- 
tions in  which  no  adequate  cause  could  be  assigned.  The  microscopic 
investigators  of  animal  forms  are  striving  to  determine  what  species  of 
bacteria  are  certain  to  produce  injurious  effects  on  human  beings  when 
taken  into  the  system. 

So  the  investigators  of  vegetable  forms  are  seeking  for  evidence  as  to 
plants,  which  can  be  proven  to  cause  certain  unwholesome  or  unpleasant 
effects  on  the  human  race,  and  then  how  the  growth  of  such  species  can 
be  prevented,  or  at  least  the  ill  effects  of  their  perfection  and  decay  can 
be  obviated.  It  is  to  this  branch  of  the  subject  that  the  author  of  the 
paper  now  before  us  has  devoted  his  attention. 

By  comi:)arison  of  observations  in  many  different  places  at  different 
times,  it  is  considered  to  be  almost  certainly  proved  that  the  unpleasant 
taste  and  odor  referred  to  is  to  be  attributed  to  algfe  in  the  waters. 
These  algae  are  defined  as  flowerless  j^lants,  having  no  projaer  distinction 
of  stem  or  leaf  and  always  growing  in  water.  They  are  generally  thread- 
like structures  of  a  more  or  less  slimy  consistency.  Many  of  them  are 
mere  masses  of  jelly.  They  are  divided  into  three  great  families,  which 
are  distinguished  by  their  color,  very  much  as  races  of  human  beings  are, 
and  as  in  the  human  race,  there  are  also  marked  structural  peculiarities 
attending  families  and  habitat. 

The  nomenclature  of  the  various  classes,  genera,  species  and  indi- 
viduals, is  in  that  curious  combination  of  mutilated  Greek  and  Latin 
which  is  adopted  by  scientists,  especially  by  microscojiists.  The  long 
names  which,  at  first,  are  somewhat  appalling  to  the  student  of  the  sub- 
ject are  found  on  a  little  investigation  to  be  derived  generally  from  the 
Greek,  and  to  denote  some  physical  peculiarity  of  the  class  or  individual, 
or  to  commemorate  the  person  or  the  place  by  whom  or  where  it  was 
first  discovered.  Thus,  the  classes,  Ci/anophycece,  Rliodophycece,  and 
Chlorophi/cPCE,  mean  simply,  respectively,  blue,  red  and  green  seaweeds. 
The  diatoms  are  composed  of  single  cells  w  th  walls  of  silex  (Crr.  diarei-ivoo. 
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to  exit  in  two)  while  the  tlesmids  have  no  silicious  walls,  but  are  grouped 
together  {Gr.  ded/n/,  a  group)  and  the  joints  connected. 

Of  the  subdivisions  and  individuals,  there  may  be  mentioned  the 
Schizosporece,  indicating  plants  whoso  spores  are  splinter  like,  the 
Hydrodictyon,  which  is  Greek  for  a  water-net,  and  the  Ghrenothrix, 
which  signifies  a  water-hair,  from  its  filamentous  appearance,  and  its 
suflfix,  Kuliniana,  tells  us  that  Dr.  Klihn  first  described  and  individual- 
ized it. 

Among  the  most  curious  of  the  origins  of  names  is  that  of  the  Gonfer- 
voids,  which  dates  back  to  the  time  of  Pliny,  who  called  the  water- 
sponge  of  that  day  Conferva,  because  it  was  said  to  iJossess  the  power  to 
heal  (Lat.  conferveo)  broken  bones.  The  Glatlirocystis,  which  Mr.  Rafter 
mentions,  means  simply  a  closed  bladder,  while  the  Goelosplioerium  is  a 
hollow  sphere.  But  while  this  branch  of  the  study  may  be  interesting 
to  some,  it  does  not  add  to  our  knowledge  of  the  habits  of  the  plants, 
and  I  will  ask  one  of  the  most  acute  and  cai'eful  of  the  observers  of 
these  phenomena  to  give  us  some  of  the  results  of  his  studies,  and  will 
call  on  Mr.  William  E.  Worth  en. 

William  E.  Worthen,  Past  President  Am.  Soc.  C.  E. — Most  engi- 
neers connected  with  the  water  supplies  of  towns  and  cities  have  had 
their  attention  called  to  the  presence  of  fresh  water  algjo  in  stored 
water,  have  had  some  experience  in  removing  them,  and  have  studied 
chemical  and  biological  literature  on  the  subject,  and  have  generally 
come  to  the  conclusion  that  in  themselves  algoe  are  neither  dangerous  to 
life  nor  deti'imental  to  health,  biit  that  in  life  they  are  objectionable  in 
color,  and  dying  they  give  offense  in  odor  and  taste  to  the  water. 

In  1869  I  put  in  the  water  works  for  Long  Island  City;  the  supply 
was  from  a  well  50  feet  in  diameter,  paved  at  the  bottom  with  wall  stone, 
with  oijen  pities  driven  some  20  or  30  feet  lower.  On  one  occasion, 
before  the  well  was  covered,  on  a  very  bright  still  summer  day,  the  sur- 
face of  the  water  was  covered  almost  instantly  with  a  coat  of  brownish 
algfe,  which  continued  nearly  all  day,  but  a  fresh  breeze  sprung  up,  the 
sky  became  cloudy,  and  they  suddenly  disappeared.  It  seemed  to  m© 
that  they  detached  themselves  from  the  rock  paving,  rose,  and  as  sud- 
denly sunk  and  again  covered  the  rocks.  The  well  was  soon  after 
domed  over,  and  I  have  no  record  of  the  reappearance  of  the  algse.  The 
algaj  bruised  in  the  hands  gave  no  positive  smell,  analyzed  chemically, 
no  different  constituents  from  former  analyses  of  the  water. 

I  had  a  similar  experience  with  the  spring  in  the  ditch  at  Fort 
Wadsworth,  S.  I.,  from  which  the  water  supply  of  the  fort  is  taken,  the 
covering  of  the  well  stopi^ed  the  floating  algse. 

The  supply  of  East  New  York  is  from  wells,  with  an  open  i*eservoir 
of  some  three  million  gallons,  for  use  in  cases  of  fire  or  accident;  here 
the  algiie  gave  a  distinct  green  tinge  to  the  water,  but  without  any  offense 
in  taste  or  odor.     From  some  source  the  water  flea  came  in,  and  it  was 
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objectionable,  as  it  was  visible,  but  they  were  interesting  as  a  study, 
and  I  kept  them  in  a  bottle  for  some  weeks.  Lime  did  not  aflfect  them, 
except  as  it  precijiitated  their  i3abulum.  The  algiB  grew  and  then  faded 
out  gradually.  The  same  flea  I  have  found  in  an  underground  reser- 
voir which  received  its  water  from  roofs. 

In  many  large  Avells  or  filtering  reservoirs,  exposed  to  air  and  light,  I 
have  seen  beautiful  developments  of  alga',  even  with  the  temperature  of 
water  at  52  degrees.  My  idea  is  that  they  si;pply  oxygen  to  the  water 
in  which  well  water  is  deficient.  But  in  all  still  watei's  exposed  to  air 
and  light  there  are  always  more  or  less  alga^,  but  Avithout  offense  in 
taste  or  odor,  if  in  a  healthy  and  live  condition. 

Professor  William  Ripley  Nichols  says  (Report  on  Cochituate  Water, 
October  1st,  1887):  "The  peculiar  tastes  and  odors  are  often  noticed 
where  the  animalcules  are  comparatively  scarce  ;"  Mr.  Burgess,  in  the 
sub-report:  "The  entomostraca  are  scarce  in  our  water  suj^ply  this 
season;"  in  allusion  to  which  I  suggested  to  the  Professor  that  it  was 
the  funeral  of  these  mites  that  the  water-takers  were  attending.  That 
they  are  objectionable  to  sight  when  living,  and  to  taste  and  smell  when 
dead,  there  is  no  doubt,  but  what  are  we  going  to  do  about  it? 


Can  Water  be  Disinfected? 

A  Committee  of  the  American  Health  Association  (Vol.  XIII,  1887) 
states  absolute  disinfectants  to  be  but  few.  1st,  fire,  burning,  boiling, 
baking ;  2d,  chlorine.  None  applicable  to  a  domestic  water  supply 
except  boiling  in  small  quantities  and  drank  without  contact  with  air, 
water  or  ice  ;  but  even  boiling  does  not  destroy  the  active  principles  of 
poisonous  mussels  nor  the  poison  of  typhoid  fever. 

Freezing  will  not  always  destroj^  fish  life  ;  my  friend,  Mr.  A.  J. 
Rossi,  froze  gold  fish  stiff  in  a  cake  of  ice,  which,  melted  out  slowly, 
regained  their  former  activity.  And  ferments  continued  to  give  off 
bubbles  whilst  ice  cakes  were  being  formed. 

M.  Melsons  ("Annales  des  Genie  Civil,"  May,  1870)  filled  a  bomb 
shell  with  water  and  yeast  and  burst  the  shell  by  freezing,  without  de- 
stroying the  yeast,  showing  that  its  vitality  would  resist  both  cold  and 
immense  pressure. 

The  develoi)meut  of  germs  may  be  checked  by  freezing,  but  under 
proper  conditions  they  regain  their  activity.  Dr.  Cohn,  of  Breslau,  states 
that  a  single  bacterium  would  be  able  to  fill  uj)  the  whole  ocean  with  its 
progeny  in  less  than  three  days  if  only  sufficient  food  and  proper  temper- 
ature were  given.  It  is  evident  from  all  experience  that  it  is  impossible 
to  annihilate  all  the  germs  and  spores. 

In  the  Miuutes  of  the  Proceedings  of  the  Institution  of  Civil  En- 
gineers, July,  1886,  will  be  found  a  communication  on  Water  Purification, 
with  an  extended  discussion  on  the  same,  which  is  so  far  conclusive  against 
the  i^ossibility  of  removing  entirely  in  any  way  these  micro-organisms, 
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or  eveu  checking  their  growth,  except  temporarily.  Filtration,  except 
■with  great  care,  may  increase  rather  than  diminish  the  number  of  such 
organisms,  and  filtered  water  unless  used  at  once  becomes  more  oflfen- 
sive  than  the  unfiltered;  filtered  water  for  ship's  use  was  a  failure.  At 
Poughkeepsie,  at  certain  times  in  summer,  water  must  be  used  directly 
from  the  river. 

The  purification  of  water  l)y  agitation  with  solid  jmrticles,  as  coke, 
charcoal,  chalk,  or  by  precipitation,  is  only  temporary  in  its  character  ; 
the  organisms  carried  down  soon  become  redistributed. 

In  view  of  the  universality  of  these  micro-organisms  and  the  imjjos- 
sibility  of  their  destruction  or  removal,  is  there  any  necessity  of  either? 
Not  certainly  as  to  their  danger  to  life  or  health. 

Professor  William  Eipley  Nichols,  in  "Water  Supply:"  "Their 
liresence  is  not  a  sign  of  contamination,  as  they  occur  in  natural  ponds 
removed  from  all  polluting  influences." 

Dr.  Klein:  "Septic  organisms  are  absolutely  inimical  to  pathogenic 
organisms,  and  not  only  are  they  inimical,  but  so  much  stronger,  and 
their  vitality  so  much  greater,  that  it  is  not  possible  for  disease  germs  to 
exist  in  their  presence." 

M.  Bechamp  ("Annales  des  Genie  Civil,"  January,  1870):  "  M. 
Pasteur  denies  that  sound  wines  contain  living  ferments,  that  those 
ferments  only  which  spoil  wine  are  living.  I,  on  the  contrary,  say 
that  both  are  living  and  capable  of  acting  physiologically  to  produce 
chemical  actions  known  under  the  name  of  fermentation.  I  am  con- 
vinced that  the  cause  which  gives  age  to  wine  and  occasions  rapid  trans- 
formation is  not  the  destruction  by  a  degree  of  heat  beyond  the  capacity 
of  endurance,  but  is  an  exaggeration  of  their  function  or  direction  in  a 
determinate  way.  I  believe  that  the  whole  secret  of  the  art  of  giving 
age  to  wines  and  preventing  them  from  spoiling  consists  in  favoring  the 
production  of  beneficent  organisms." 

Dr.  H.  P.  Walcott  (Public  Health  Association  Address,  1886) :  "There 
is  need  of  careful  observation  and  experiment  on  the  side  of  the  life 
history  of  these  organisms  in  natural  conditions,  not  under  the  artificial 
arrangement  of  sterilized  chambers,  but  in  the  presence  of  the  uncounted 
superfluities  of  life  ever  present  in  the  atmosiihere  we  breathe,  in  the 
water  we  drink  and  in  the  ground  beneath  our  feet.  The  phenomena  of 
microscoiDic  life  are  not  likely  to  be  found  essentially  difterent  from 
those  observed  by  the  agriculturist." 

With  all  due  respect  for  chemical  analyses,  for  I  have  them  made  of 
waters  proposed  for  town  supply,  I  investigate  biologically  the  living 
visible  fauna  and  flora  of  such  waters  and  their  surroundings  and 
conditions  of  health.  For  many  years  I  have  been  collecting  magazine 
scraps  on  aquaria  and  in  this  line  would  refer  to  the  Reports  of  Com- 
missioner Thomas  B.  Ferguson,  Paris  Universal  Exposition  of  1878,  as 
most  valuable,  and  aff"ording  hints  by  which  the  condition  of  the  water 


534  DISCUSSION  ON"  PURITY  OF  WATER  SUPPLIES. 

may  be  judged  and  liow  tlie  growth  of  forms  and  life  may  be  modified 
and  controlled. 

The  great  principle  to  secure  healthy  water  is  to  follow  the  teachings 
of  the  aquaria,  keep  up  the  circulation  of  the  water  and  aerate  it,  favor 
the  production  of  beneficent  organisms  and  preserve  the  balance  of  ani- 
mal and  vegetable  life.  Death  in  its  natural  course  by  absorption  of 
micro-organisms  into  those  of  a  higher  growth  is  inoffensive,  and  with- 
out a  microscope  we  can  judge  of  these  last,  we  know  a  healthy  plant  or 
fish  and  feel  assured  that  the  water  is  good  that  promotes  healthy  organ- 
isms; "all  vegetable  aquatus,  mostly  microscopic,  are  requisite  for  the 
continuous  oxygenation  of  water,  and  possessing  a  solubility  much 
greater  than  that  of  the  oxygen  drawn  from  the  atmosphere;"  but  there 
may  be  life  in  excess  of  what  can  be  absorbed  in  the  higher  grade ;  study 
to  keep  down  excesses  in  all  forms  looking  largely  to  air  and  light  to 
preserve  the  balance. 

For  reservoirs  for  well  waters  I  recommend  those  of  small  capacity, 
only  such  as  may  be  suflficient  for  a  night  supply  or  for  contingencies  of 
fires  or  the  breakage  of  machinery.  For  reservoirs  of  streams  make 
the  distributing  ones  small  and  let  the  water  flow  down  to  them  from  the 
storage  reservoirs,  through  open  and  rippling  channels,  keep  up  the 
circulation  and  give  good  chance  of  aeration. 

Make  the  storage  reservoirs  amj)le  and  numerous,  avoid  the  necessity 
as  far  as  possible  of  changing  the  level  by  drawing  it  down  largely.  As 
far  as  they  are  drawn  down  keep  the  bottom  clear  of  vegetation,  as  vege- 
tation exposed  rots  and  becomes  ofi'ensive,  contaminates  the  water. 

When  water  has  become  oflfensive  time  is  an  element  for  the  removal 
of  the  objectionable  taste  and  odor  by  the  oxidation  of  the  eflete  matter, 
which  will  take  place  gradually  in  open  reservoirs,  but  more  rapidly  by 
exposure  to  light  and  air  in  flowing  streams  with  dams  and  ripples. 
Dilution  may  modify  the  oflfense,  but  a  very  slight  taint  makes  water 
objectionable  for  domestic  purposes,  and  boiling  seems  to  intensify  the 
oflfense.  If  there  are  a  number  of  reservoirs,  shut  off  the  offensive  ones 
for  a  time  to  give  as  long  and  broken  flows  to  the  water  as  possible  from 
the  reservoirs  to  the  mains  or  closed  aqueducts.  Water  sheds,  reser- 
voirs, streams,  channels,  aqueducts,  mains,  &o.,  in  fact  everything  con- 
nected with  a  water  supply  should  be  under  an  intelligent  supervision 
and  management. 

Jajvies  B.  Fkancis,  Past  President  Am.  Soc.  C.  E. — This  matter  of 
circulation  is,  I  think,  fundamental.  My  own  house  is  supplied  with 
water  from  a  pipe  connected  with  a  reservoir  containing,  usually,  rather 
less  than  two  millions  of  gallons,  the  pipe  serving  both  for  supply  and 
distribution,  that  is,  the  water  in  it  is  sometimes  flowing  to  the  reservoir 
and  sometimes  from  it.  The  reservoir  being  small  in  proportion  to  the 
supply,  the  water  iu  it  is  in  constant  circulation.  My  neighbors  are 
supplied  from  a  reservoir  containing  about  thirty  millions  of  gallons,  and 
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complain,  at  times,  of  a  bad  taste  in  the  water.  I  never  liave  such 
trouble;  both  supplies  are  from  the  Merrimac  Eiver,  and  the  only  cause 
of  the  difference  in  the  quality  of  the  water,  that  I  can  discover,  is  in 
the  difference  in  the  activity  of  the  circulation  in  the  reservoirs. 

Fkederic  Graff,  Past  President  Am.  Soc.  C.  E. — I  am  a  firm 
believer  in  what  my  friend  Mr.  Worthen  has  said  as  to  the  value  of  cir- 
culation. I  think  that  we  may  all  see  that  water  supplies  taken  from 
running  rivers  which  have  little  or  no  pollution  thrown  into  them  from 
sewage  are  certainly  much  freer  from  any  troubles  of  the  kind  indicated 
than  water  siipijlies  taken  from  large  imi:)ounding  reservoirs  Avhere  the 
water  may  stand  in  an  almost  stagnant  condition  for  a  long  time. 

In  the  utility  of  aeration,  I  agree  with  Mr.  Brush.  Of  course,  it  is  a 
very  serious  matter  to  do  this  on  so  large  a  scale  as  most  of  our  cities 
now  require,  but  when  it  can  be  done,  I  think  it  may  be  a  cure  for  very 
many  troubles. 

I  adopted  it  to  a  limited  extent  about  the  year  1872  in  the  Belmont 
Ticservoir  of  the  Philadeli:)hia  Water  "Works,  by  carrying  the  pumping 
main  up  vertically  above  the  surface  of  the  reservoir  through  the  center 
of  the  division  embankment,  and  then  allowing  the  water  to  discharge 
over  the  lip  of  the  main,  which  was  enlarged  to  39  inches  diameter, 
forming  a  jet,  so  to  speak,  of  that  diameter,  thence  flowing  into  a  basin  9 
feet  in  diameter  flowing  over  the  circumference  of  that,  and  then  passing 
into  a  reservoir  with  two  overflow  sides  of  about  20  feet  long  each,  over 
these  down  the  sloping  brick  lined  sides  of  the  reservoir  projier,  until 
it  reached  the  surface  of  the  water  therein,  thus  exposing  all  the  water 
pumped  into  the  reservoir  through  this  main  in  thin  sheets  to  the  action 
of  the  air  in  its  passage  into  the  reservoir. 

All  the  Avater  supplied  from  that  reservoir  coiild  not  be  thus  treated, 
as  only. one  of  the  pumping  mains  could  be  so  arranged,  but  six  milHons 
of  gallons  passed  into  the  reservoir  daily  in  this  manner.  We  never  had 
trouble  with  bad  water  when  it  was  in  use.  As  far  as  I  know,  this  was 
the  first  application  of  the  overflow  method  of  aeration  used  in  this 
country. 

I  am  a  fix-m  believer  in  aeration  of  water,  and  in  methods  of  jDroduc- 
iug  it  by  circulation,  artificial  or  natural.  I  think  that  Rochester 
adopted  a  similar  method  of  passing  the  supply  from  a  storage  reservoir 
into  the  distributing  reservoir  through  jets,  with  somewhat  the  same 
object  as  I  have  spoken  of. 

Mr.  IIafter. — Yes;  the  fact  of  the  matter  being  that  the  water  dis- 
charged from  the  conduit  into  the  distributing  reservoir  is  simply  fed 
into  it  by  jets.  When  we  get  to  the  limit  of  our  supply  we  are  not  able 
to  use  the  aeration  scheme. 

Mr.  Gkaff. — I  understand  it  is  effective  when  in  use. 

Mr.  Eaftek. — Fairly  so;  yes. 
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Mr.  Ckoes. — In  drawing  the  water  from  the  storage  reservoirs  in  tlie 
Croton  valley  airangements  are  made  by  which  the  water  is  aerated  on 
leaving  the  reservoir;  that  is,  it  is  discharged  into  the  stream  through  a 
jet,  thrown  up  into  the  air  before  it  falls  down  into  the  stream. 

Mr.  Fteley. — There  is  such  a  thing  in  existence.  I  have  seen  the 
api^aratus  and  I  know  it  is  used,  but  whether  continuously  or  not  I  do 
not  know.     Mr.  Cooper  can  tell  us  about  that. 

S.  L.  Cooper,  M.  Am.  Soc.  C.  E. — The  storage  reservoirs  in  the 
Croton  basin  are  provided  with,  jets  through  which  the  water  is  drawn 
in  the  form  of  fountains. 

The  first  year  that  the  water  was  drawn  from  the  Drewville  reser- 
voir, on  the  Middle  branch  of  the  Croton  river,  the  gases  set  free  at  the 
fountains  were  so  foul  that  remaining  long  in  the  neighborhood  was 
very  imdesirable;  and  a  watchman's  house  near  by  iDainted  a  light  color 
was  almost  turned  black  by  the  gases. 

After  the  water  passed  through  the  fountains,  and  had  run  down  the 
stony  bed  of  the  Croton  river  for  a  few  miles,  the  bad  odor  and  taste 
had  quite  disappeared.  This  is  a  remarkable  instance  of  the  effect  of 
thoroughly  aerating  water. 

The  trouble  in  the  case  was  no  doubt  caused  by  the  decomposition  of 
the  vegetable  matter  in  the  bed  of  the  reservoir,  which  had  not  been 
removed  before  the  reservoir  was  filled  with  water. 

Mr.  Croes. — At  the  outlets  of  the  large  artificial  impounding  reser- 
voirs on  the  upper  waters  of  the  Croton,  at  Boyd's  Corners  on  the  West 
branch,  and  near  Brewster's  on  the  Middle  l)rauch,  Mr.  E.  H.  Tracy, 
then  the  Chief  Engineer,  had  the  outlet  pipe  carried  some  distance  below 
the  dam  to  a  basin,  the  pipe  terminating  in  a  number  of  vertical 
nozzles,  so  that  the  water  was  thrown  up  in  a  number  of  jets  when  the 
reservoir  was  being  drawn  from.  I  understand  that  Mr.  Cooper's  state- 
ment of  the  eii'ect  produced,  namely,  that  the  bad  water  was  aerated  in 
that  way  and  lost  its  taste  in  passing  down  the  stream  is  c^uite  correct. 

Charles  B.  Brush,  M.  Am.  Soc.  C.  E.— At  the  risk  of  some  repeti- 
tion of  what  I  have  said  before  in  the  discussion  of  this  subject,  I  Avould 
like  to  call  your  attention  to  certain  points. 

In  the  first  place,  I  think  we  have  arrived  at  that  stage  where  we  can 
say  that  all  water  supplies  are  much  better  at  some  seasons  of  the  year 
than  at  others,  and  that  the  diagrams  we  have  here  indicate  the  better 
and  worse  conditions  of  the  water  at  diiferent  seasons  and  iiuder  dift'er- 
ent  climatic  conditions.  Every  river  has  its  purging  periods.  On  the 
supply  of  which  I  have  charge,  we  have  analyses  of  the  water  taken 
every  month,  both  at  the  intake  and  in  our  distribution  pipes  and  re- 
servoir, and  we  find  that  wo  can  i)lot  a  regular  curve  every  year,  showing 
that  at  certain  seasons  of  the  year  the  water  is  in  better  condition  than 
at  other  seasons.     The  better  seasons  with  us  are  in  the  fall  and  spring; 
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the  worse  mid-summer  aud  mid-winter.  Tiie  drainage  area  of  tlie  sup- 
ply to  which  I  refer  is  entirely  free  from  all  source  of  pollution  in  the 
shape  of  sewage.  It  contains  no  large  towns  and  only  a  few  scattered 
villages.  The  latter  do  not  drain  into  our  source  of  supply  excejit  l)y 
filtration  and  at  a  considerable  distance  from  the  river.  The  state  of 
the  water  is  due  purely  to  natural  causes.  Those  causes  have  produced  a 
condition  of  affairs  which  was  a  very  serious  matter.  In  the  year  1884  the 
alg:c  commenced  to  ajipear  in  our  reservoir,  in  the  shape  of  a  fern-like 
appearance,  which  extended  down  below  the  surface  about  5  or  6  inches. 
After  a  while  this  fern-like  appearance  commenced  to  grow  thicker, 
until  it  took  the  form  of  a  green  paint  on  the  surface  of  the  water.  At 
that  time  the  smell  and  taste  were  very  marked ;  they  were  so  marked  that 
the  houses  having  this  supply  found  it  undesirable  to  use  for  domestic 
purposes.  The  green  paint  condition  continued  for  a  week  or  ten  days, 
passing  into  a  bluish  color  for  another  week,  and  soon  after  the  water 
was  perfectly  good.  It  cured  itself.  During  the  trouble  I  found  that 
the  water  entering  the  reservoir  in  motion  was  in  a  very  much  better 
condition  than  the  water  that  remained  in  the  reservoir,  and  thei'efore 
I  shut  the  reservoir  off  and  turned  the  water  directly  from  the  pumps 
into  the  city.  I  was  exceedingly  anxious  to  know  whether  that  water 
was  going  to  create  sickness,  and  consequently,  during  the  whole  time 
these  algfe  were  in  oi^eratiou  I  drank  the  water;  it  did  not  make  me  sick; 
I  do  not  believe  it  will  make  any  one  sick.  It  is  nauseating,  and  that  is 
the  worst  feature  of  it.  I  think  that  the  condition  of  water,  in  a  case 
like  that,  shows  its  worst  on  the  face  of  it;  I  do  not  think  it  will  create 
anything  like  epidemic  sickness. 

Something  had  to  be  done.  As  soon  as  the  condition  of  aflfairs  that  I 
have  described  began  to  take  place,  I  called  in  Professor  Leeds  of  the 
Stevens  Institiite.  He  is  the  chemist  of  the  company,  and  he  made 
analyses  of  the  water  during  the  whole  time  of  the  trouble.  One  thing 
that  we  noticed  in  connection  with  it,  was  that  the  sujjply  of  oxygen  in 
solution  was  very  low;  it  was  one-third  of  1  per  cent,  instead  of  two- 
thirds  of  1  i^er  cent  ,  its  normal  condition.  The  thought  occurred  to 
Professor  Leeds  that  aeration  would  be  a  good  thing.  We  commenced 
aerating  on  a  large  scale.  In  the  West  they  have  been  in  the  habit  of 
having  some  kind  of  contrivance  with  a  bucket  on  it,  and  when  the 
water  is  in  bad  condition  they  churn  it  around,  and  in  a  little  while  the 
water  will  be  j^erfectly  clear.  The  best  water  is  that  which  comes  from 
mountain  streams,  and  the  nearer  we  can  get  our  supply  in  that  condi- 
tion— broken  up — the  better  it  is.  We  forced  fresh  air  in  our  pipes  in 
1884,  and  up  to  this  time  we  have  had  no  repetition  of  that  trouble.  I 
do  not  mention  this  as  a  universal  cure-all,  but  I  do  say  it  has  helped  us 
out.  We  are  now  aerating  the  water  in  our  reservoirs  as  well  as  in  the 
pipes.  The  people  see  that  air  bubbling  u})  in  the  reservoir.  It  looks 
like  natural  springs,  and  creates  a  favorable  impression. 
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In  some  cases  I  have  let  a  little  of  this  green  paint  formation  grow 
by  stopping  my  aeration,  and  it  has  collected  in  a  corner  of  the  reser- 
voir.    When  I  turn  on  the  air  the  algae  disappear. 

Water  becomes  impure  from  natural  conditions,  from  meteorological 
causes  and  local  phases  of  animal  and  vegetalile  life.  I  believe  with  Mr. 
Worthen,  that  a  reservoir  should  be  treated  as  a  large  aquarium.  I 
stock  my  resei'voirs  with  c&vp  and  black  bass,  and  with  aeration  I  am 
able  to  keep  the  water  in  good  condition;  but  whether  that  will  always 
continue,  or  whether  there  will  not  conditions  arise  which  the  means  I 
am  now  using  will  not  be  sufficient  to  counteract,  I  cannot  say.  It  is 
perfectly  evident  that  it  is  of  the  most  vital  importance  to  get  at  the 
bottom  of  this  trouble.  I  do  not  believe  that  the  algte  and  the  bacteria 
are  the  real  difficulty.  I  believe  that  they  are  simply  the  results;  that 
they  are  the  indicators  of  the  things  which  are  Avrong.  I  think  that  the 
attempt  to  jihysically  remove  algpe  or  bacteria  is  a  mistake.  I  have  tried 
that  myself.  When  the  green  paint  appeared  on  our  reservoirs  I  was 
determined  that  our  consumers  should  not  see  it;  I  had  it  carefully 
removed,  but  the  next  morning  the  green  paint  was  all  there.  What  I 
have  tried  to  do  is  to  cure  the  conditions  of  which  the  algie  and  bacteria 
are  the  indicators. 

Mr.  WoKTHEN. — Would  you  get  rid  of  them  entirely  if  you  could? 
Mr.  Brush. — No;  there  are  certain  forms  which  indicate  conditions 
which  should  not  exist ;  but  as  for  getting  rid  of  animal  and  vegetable 
life  altogether,  no.  I  do  not  think  we  want  for  domestic  suj^ply  water 
that  is  entirely  pure.  Distilled  water  is  not  desirable.  I  think  any 
water  that  has  been  filtered  is  liable  to  deterioration  very  quickly;  the 
mere  fact  of  filtering  the  water  takes  the  life  away  from  it;  if  you  are 
going  to  use  it  immediately,  very  well. 

When  a  water  sui^ply  is  affected  there  is  a  popular  excitement  which 
is  hardly  understood  excei:>t  by  those  who  pass  through  it.  If  con- 
sumers cannot  get  their  meals  and  their  baths  when  they  want  them, 
the  people  who  supply  the  water  have  to  encounter  a  storm  which  is 
not  a  very  pleasant  one.  In  this  particular  case  of  mine  I  was  cited  to 
appear  at  public  meetings  and  given  to  understand  that  I  would  have  an 
oi)portunity  to  explain  matters,  and  if  I  could  not  do  so  satisfactorily 
the  result  would  be  on  my  own  head.  The  excitement  was  very  great. 
One  man,  who  claimed  to  be  a  chemist,  gave  a  long  description  of  the 
troubles  and  the  conclusion  he  came  to  was  "  that,  in  building  the 
reservoir,  cement  had  been  used  and  that  the  cement  in  the  water 
created  the  difficulty;  if  Ave  had  not  used  cement  it  would  not  have 
occurred;  that  I  ought  to  have  known  better."  Of  course  there  are 
funny  sides  to  a  thing  of  this  sort,  but  there  are  very  serious  sides  also. 
Those  Avho  are  weak  and  sick,  and  ladies  and  others  who  are  easily 
frightened,  immediately  feel  that  the  only  thing  to  be  done  is  to  leave 
the  city  as  soon  as  possible. 
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I  think  it  is  exceedingly  important  that  there  should  be  somebody  to 
whom  people  could  refer  for  information  on  the  subject,  and  thus  check 
the  reckless  statements  which  appear  from  time  to  time. 

You  have  already  heard  from  Mr.  Rafter  how  carefully  he  has  been 
looking  into  the  matter.  I,  myself,  was  perfectly  astonished  to  learn 
what  they  were  doing  in  Massachusetts;  their  reports,  I  believe,  have 
not  yet  been  made,  but  next  year  they  will  be  issued,  and  thus  we  will 
have  the  resiilts  of  their  labors. 

SA5IUEL  Whtnery,  M.  Am.  Soc.  0.  E.— Mr.  Brush  alluded  to  a 
device  that  is  in  use  in  the  West  for  aerating  domestic  water  supplies 
and  perhajis  a  few  facts  in  relation  to  it  may  be  of  interest. 

In  many  sections  in  the  Missisdppi  Yalley  the  supply  of  water  for 
domestic  purposes  is  collected  from  the  roofs  of  buildings  and  stored 
in  cisterns.  These  cisterns  are  practically  small  storage  reservoirs,  con- 
structed by  excavating  a  space  under  ground  of  the  required  form  and 
capacity,  lining  the  walls  with  brick  and  cement  mortar,  and  covering 
the  top  with  an  arch  or  dome  of  the  same  material. 

It  is  found  to  be  a  fact,  notwithstanding  that  the  water  so  stored  is 
originally  pure,  and  that  the  cisterns  are  frequently  cleaned  out,  that 
this  growth  of  algpe  frequently  occurs  in  them,  rendering  the  water 
offensive  to  the  taste  and  smell. 

It  is  worthy  of  note,  in  this  connection,  that  in  these  cases  the 
development  of  this  plant  'growth  occurs,  notwithstanding  that  these 
cisterns  are  covered  over.  It  is  found  that  if  a  pump  is  used  in  these 
cisterns  that  thoroughly  aerates  the  water,  this  oflfeusive  odor  and  taste 
does  not  occur,  and  if  such  a  pump  is  put  in  a  cistern  already  offensive 
this  trouble  is  soon  remedied. 

The  most  popular  pump  of  this  kind  is  a  modification  of  the  old 
fashioned  chain  pump,  having  for  buckets  small  metallic  vessels,  hold- 
ing about  half  a  pint.  The  bottom  of  each  bucket  is  perforated  with  a 
very  small  hole,  and  as  the  descending  bucket  enters  the  water  in  its  in- 
verted position  it  carries  down  with  it  into  the  water  a  volume  of  air, 
which  gradually  escapes  in  small  bubbles,  which  rise  to  the  surface,  thus 
thoroughly  aerating  the  water. 

It  is  a  very  simple  device,  but  has  proved  very  effective,  and  cisterns 
provided  with  such  pumps  never  become  offensive  from  these  growths. 

Frederic  P.  Stearns,  M.  Am.  Soc.  C.  E. — Mr.  Rafter  has  referred 
to  the  experience  with  Crenoihrix  in  the  water  supj^ly  of  Berlin,  and  I 
think  it  may  be  of  value  to  add  the  experience  with  this  organism  in  the 
ground  water  supplies  of  Massachusetts. 
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There  were  iu  this  State  in  1887  fifty  water  supplies  taken  from  the 
ground,  which  may  be  classified  as  follows: 

Springs 16 

Large  wells 16 

Tubular  wells 7 

Filter  galleries 7 

Filter  basins 4 

Total 50 

The  line  of  separiition  between  the  different  classes  is  somewhat  in- 
definite; but  it  is  sufficiently  exact  for  the  purposes  of  this  discussion- 

When  water  comes  from  a  natural  spring  or  where  it  is  filtered  by 
some  very  slow  process  of  natural  filtration,  the  ground-water  before 
exposure  to  the  light  is  nearly  free  from  nitrogenous  organic  matters,  as 
is  shown  by  the  small  amount  of  free  and  albuminoid  ammonia  found 
by  chemical  analysis.  It  is  quite  common  to  find  about  the  following 
amounts  of  these  constituents  in  parts  jier  100  000: 

Free  ammonia 0002 

Albuminoid  ammonia , 0015 

In  ground-waters  of  this  class  Crenothrix  has  been  found  frequently 
in  very  small  numbers,  but  it  has  never  increased  to  such  an  extent  as 
to  give  trouble,  although  it  has  been  carefully  watched  for,  particularly 
in  districts  where  the  ground  contained  much  iron. 

In  several  places  in  Massachusetts  a  filter  gallery  has  been  built  on 
the  shore  of  a  pond  or  storage  reservoir  just  at  the  high  water  line,  or 
in  some  instances  so  that  the  gallery  is  buried  to  a  depth  of  a  few  feet 
below  the  bottom  of  the  pond  or  reservoir.  In  these  cases  the  water  is 
imperfectly  filtered  and  contains  after  filtration  a  large  amount  of  nitro- 
genous organic  matter,  the  free  ammonia  being  increased  by  the 
filtration  and  the  albuminoid  being  decreased,  as  will  lie  seen  by  the 
following  typical  case : 

AVater  from  Water  from 

storage  reservoir.  filter  g  tilery. 

Free  ammonia 0004  .0206 

Albuminoid  ammonia 0396  .0248 

There  are  four  instances  of  this  kind  iu  the  State  which  have  been 
carefully  examined,  and  at  each  place  Crenolhrix  grows  in  great  abiTud- 
ance.  In  the  worst  case,  during  the  hot  weather  in  summer,  the  water 
contains  so  much  of  the  Crenothrix  coated  with  iron  that  it  is  very  un- 
satisfactory for  laundry  purposes  on  account  of  the  iron  stains  produced. 
The  rapidity  with  which  this  organism  multiplies  as  the  water  is  passing 
through  about  two  miles  of  pipe  from  the  filter  gallery  to  the  village,  is 
marvelous. 

It  will  be  seen  from  the  foregoing  that  the  experience  in  Massachu- 
setts indicates  that  Creno/hrix  will  not  multiply  in  ground  water,  excei)t 
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under  special  conditions  which  favor  its  growth,  and  these  conditions 
appear  to  be  prodiiced  when  water  is  imperfectly  filtered  by  continuous 
natural  filtration.  In  view  of  this  experience  I  have  no  hesitation  in 
recommending  ground  water  supplies  in  Massachusetts,  where  the  con- 
ditions are  favorable  for  obtaining  a  good  supply,  as  being  much  less 
likely  to  cause  trouble  from  the  growth  and  decay  of  organisms  than 
surface  water  supplies.  The  experience  at  Berlin  and  some  other 
Euroi^ean  cities  should  not,  however,  be  lost  sight  of. 

I  am  very  much  interested  in  Mr  Rafter's  paper,  as  it  is  an  extremely 
valuable  addition  to  our  knowledge  upon  a  subject  concerning  which 
our  present  knowledge  is  very  limited. 

Upon  certain  points  we  now  have  fairly  definite  information,  as  for 
instance  the  case  already  mentioned  in  this  discussion,  of  Crenothrix  de- 
veloping in  certain  imperfectly  filtered  waters.  We  also  know  that 
ground  water  stored  in  an  open  reservoir  will  develoj)  abundant  growths 
of  algte,  and  that  a  portion  of  the  inorganic  nitrogen  will  be  taken  up  by 
living  organisms  to  the  serious  detriment  of  the  quality  of  the  water.  It 
is  further  known  that  pure  ground  water  stored  in  the  dark  will  be  prac- 
tically free  from  these  organisms  and  that  its  chemical  constituents  will 
remain  unchanged. 

"When  the  case  of  the  ojien  storage  reservoir  is  presented,  it  must  be 
admitted  that  we  have  no  definite  knowledge  based  upon  experience  or 
well  proved  by  scientific  investigation  which  permits  us  to  predict  with 
a  large  degree  of  certainty  the  biological  results  to  follow  the  construc- 
tion of  a  storage  reservoir,  and  we  are  equally  unable  to  suggest  a  prac- 
tical and  sure  remedy  in  cases  where  an  existing  reservoir  is  affected  by 
growths  of  alga3. 

Very  large  sums  of  money  have  been  spent  in  the  construction  and 
improvement  of  reservoirs  to  prevent  the  growth  of  algre,  and  in  making 
these  improvements  theory  has  been  the  chief  guide  rather  than  scienti- 
fic knowledge  or  experience. 

This  condition  of  aftairs  ought  not  to  continue.  The  interests  in- 
volved are  large  enough  to  warrant  sufficient  appropriations  to  keep  a 
considerable  force  of  biologists,  chemists  and  engineers  constantly  em- 
ployed on  the  solution  of  the  problems  presented. 

Every  isolated  observation  carefully  made  adds  to  the  general  fund 
of  knowledge,  but  rapid  advance  cannot  be  expected  without  continuous 
observation. 

I  have  here  three  diagrams.  Plates  LXXXVII,  LXXXVIII, 
LXXXIX,  prepared  for  another  occasion,  but  which  may  be  of  interest 
in  this  discussion.  These  diagrams  have  been  made  from  the  results 
of  monthly  chemical  analyses  from  June,  1887,  to  June,  1889,  of  the 
waters  of  two  artificial  storage  reservoirs  and  a  natural  pond,  all  of 
them  subject  to  abundant  growths  of  algpe  at  certain  seasons  of  the 
year.     The  particular  feature  of  the  chemical  analysis  indicated  by  the 
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diagrams  is  tlie  albuminoid  ammonia,  which  may  be  considered  in  these 
cases  as  indicating  approximately  .the  amount  of  algse  in  the  water. 

It  will  be  observed  that  the  first  two  diagrams  exhibit  the  same  gen- 
eral features  :  namely,  a  very  marked  rise  in  the  amount  of  albuminoid 
ammonia  between  June  and  November,  culminating  in  August  or  Sep- 
tember." In  addition  to  the  two  reservoirs  to  which  these  diagrams  re- 
late there  is  another  not  represented  which  is  affected  by  the  same  sum- 
mer trouble.  "With  regard  to  the  extent  of  the  trouble,  it  may  be  said 
that  it  is  so  serious  that  the  abandonment  of  reservoirs  and  mains,  cost- 
ing upwards  of  ^1  000  000  has  been  seriously  considered.  In  one  case 
the  water  has  been  affected  every  year  during  the  thirteen  years  that  the 
works  have  been  in  operation.  The  immediate  cause  of  the  bad  taste 
and  odor  of  these  waters  is  the  presence  of  abundant  growths  of  algse  of 
the  blue-green  group.  The  reason  why  these  algte  are  found  so  abund- 
antly in  these  particular  reservoirs  is  not  apparent.  In  one  case,  at 
least,  it  cannot  be  attributed  to  the  shallowness  of  the  reservoir  or  to  the 
pollution  either  artificially  or  naturally  of  the  water  entering  the  reser- 
voir. 

The  third  diagram  shows  very  different  characteristics  from  the 
others.  In  this  case  there  is  but  one  very  marked  rise  in  the  amount  of 
albuminoid  ammonia  in  the  two  years,  and  this  occurs  in  the  spring  of 
1889.  In  June,  1887,  the  amount  of  albuminoid  ammonia  was  quite 
large,  and  much  larger  than  the  following  month,  so  it  seems  probable 
that  the  growth  was  abundant  in  the  spring  of  1887,  and  was  disappear- 
ing when  the  examination  of  the  water  of  the  pond  was  begiin.  There 
was  no  marked  rise  in  the  spring  of  1888.  The  trouble  m  this  case  is 
due  to  the  growth  of  a  minute  ])lant  which  is  entirely  different  from  the 
blue-green  algse  found  in  the  other  cases  referred  to.  At  the  time  when 
the  trouble  culminated  this  sirring,  the  water  was  so  filled  with  these 
organisms  that  it  was  entirely  unfit  for  use. 

The  advantages  of  circulation  have  been  referred  to  in  this  discus- 
sion, and  I  will  say  a  few  words  about  it. 

The  Town  of  Brookline,  Mass.,  has  in  connection  with  its  low  ser- 
vice supply  an  open  reservoir  supplied  by  pumping  from  a  filter 
gallery.  It  was  found  that  water  of  satisfactory  quality  when  pumped 
would  become  unsatisfactory  when  stored  in  the  open  reservoir,  and 
tliat  the  more  the  water  was  made  to  circulate  by  the  addition  of  fresh 
water  from  the  filter  gallery  the  worse  it  became.  The  rule  was  there- 
fore adopted  to  pump  sixteen  hours  per  day  at  a  rate  but  shghtly  in 
excess  of  the  consumption  during  the  same  time,  and  to  allow  only  the 
slight  difference  in  quality  between  the  water  pumped  and  the  consump- 
tion to  go  into  or  be  drawn  from  the  reservoir;  moreover,  circulation  is 
avoided  as  far  as  possible  by  drawing  water  from  the  reservoir  at  the 
place  where  it  enters.  A  special  ex})eriment  was  made  by  Mr.  F.  F. 
I'^orbes,   the  superintendent  of  these  works,  to  determine  the  effect  of 
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adding  fresh  water.  He  first  found  tluit  the  water  in  the  reservoir  in 
Its  normal  condition  contained  a  certain  number  of  organisms  in  a  given 
quantity  of  water.  Tlie  reservoir  was  next  emptied,  thoroughly  cleaneJ, 
and  filled  with  fresh  water.  The  organisms,  at  first  few,  multii)lied  so 
rapidly  that  at  the  end  of  a  week  the  water  contained  as  many  as  before 
the  reservoir  was  cleaned,  and  at  the  end  of  about  three  weeks  it  con- 
tained four  or  five  times  this  number.  After  this  time  the  number  of 
organisms  gradually  reduced  to  the  original  number,  but  more  than 
doubled  when  the  reservoir  was  again  partially  drawn  down  and  fresh 
water  was  added.  Connected  with  these  works  is  an  iron  tank  suiJi^ly- 
ing  the  high  districts,  having  a  diameter  somewhat  exceeding  its  height. 
This  is  said  to  have  given  more  trouble  than  the  large  reservoir,  and  the 
superintendent  attributed  it  to  the  fact  that  on  account  of  its  small  size 
the  water  was  necessarily  changed  in  it  quite  frequently.  The  tank  is 
now  covered  with  a  roof  which  excludes  the  light,  and  the  water  in  it 
does  not  deteriorate.  I  do  not  wish  these  statements  to  be  considered 
as  an  argument  against  the  circulation  of  water  in  a  reservoir  under  all 
conditions;  but  the  facts  stated  show  that  circulation  caused  by  the 
addition  of  fresh  water  containing  food  for  the  algae  will  not  jjrevent 
their  growth. 

Mr.  FiEiiEY. — It  has  been  said  that  some  very  interesting  experi- 
ments have  been  made  in  Massachussetts.  It  would  be  highly  interest- 
ing to  hear  from  Mr.  Stearns  the  details  of  the  work  in  which  he  has 
been  engaged. 

Mr.  Stearns. — Three  years  ago  an  act  was  passed  in  Massachusetts, 
entitled  "An  Act  to  Protect  the  Purity  of  Inland  Waters,  "and  its  execu- 
tion was  intrusted  to  the  State  Board  of  Health.  The  text  of  this  act 
was  published  in  the  Transactions  of  this  Society  for  January,  1888. 

The  primary  object  of  this  act  was  to  regulate  the  disposal  of  sew- 
age, so  that  the  rivers  and  other  inland  waters  should  not  be  unneces- 
sarily polluted.  It  is  one  of  its  requirements,  however,  that  all  cities 
and  towns  j^roiDOsing  to  introdiice  a  system  of  water  supply  or  sewerage 
should  submit  their  plans  to  the  State  Board  of  Health  for  its  advice. 
It  soon  became  aj^parent,  from  an  examination  of  existing  literature, 
that  but  little  exact  knowledge  existed  concerning  the  iJurification  of 
sewage;  and  that  there  was  much  to  be  learned,  locally  and  otherwise, 
with  reference  to  the  water  supplies  and  inland  waters  of  the  State. 
For  the  next  year  an  appropriation  of  $30  000  was  asked  for,  with  the 
view  of  establishing  an  experimental  station  for  the  purification  of 
sewage,  and  of  making  a  thorough  examination  of  the  water  sui^plies  of 
the  State.  This  request  and  subsequent  ones  for  $25  000  per  year  have 
been  granted  by  the  Legislature.  As  the  sul)ject  of  sewage  disposal 
is  not  now  under  discussion,  I  will  only  say  with  reference  to  it  that  an 
experimental  station  was  established  at  Lawrence,  Mass.,  where  exijeri- 
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ments  upon  sewage  i)nrifieation  have  l)een  carried  on  for  the  past 
eighteen  months  under  the  supervision  of  Hiram  F.  Mills,  C.  E. ,  mem- 
ber of  the  Massachussetts  Board  of  Health.  These  experiments  will 
probably  add  more  to  our  scientific  and  practical  knowledge  of  sewage 
dis2:)osal  than  any  experiments  which  have  ever  been  made. 

Monthly  examinations  of  all  of  the  water  supplies  and  many  of  the 
rivers  of  Massachussetts  were  begun  in  June,  1887,  and  these  exami- 
nations of  many  supplies  are  still  being  made.  The  examinations  are 
chiefly  chemical  and  microscopical,  though  a  few  bacterial  examinations 
have  also  been  made.  From  this  work  much  has  been  learned  that 
will  be  of  practical  value  in  selecting  sources  and  designing  systems  of 
water  supply;  but  it  is  evident  that  there  is  an  opportunity  for  a  great 
deal  of  research  in  these  matters  before  we  shall  know  how  to  jirevent 
bad  tastes  and  odors  in  water  stored  in  an  open  reservoir  or  i3ond. 

The  force  engaged  upon  the  examination  of  water  sujDplies  consists 
of  six  chemists,  three  engineers,  and  two  biologists.  A  portion  of  this 
force,  however,  has  other  duties  to  attend  to  in  connection  with  the 
work  of  the  Board. 

With  regard  to  the  importance  of  more  information  regarding  the 
means  of  preventing  the  growth  of  algte  in  water  supplies,  it  may  be 
said  that  out  of  about  one  hundred  and  thirty  water  supplies  in  Massa- 
chusetts, ten  are  seriously  and  almost  chronically  afifected  by  bad  tastes 
and  odors  due  to  such  growths.  Many  other  supplies  are  seriously 
affected  at  times.  I  have  recently  visited  a  pond  in  Massachusetts, 
which,  fortunately,  has  not  been  used  for  a  water  siipply,  that  has  been 
afflicted  for  two  years  with  an  abundant  growth  of  a  dark  jelly-like  sub- 
stance. This,  at  times,  generally  in  warm  weather,  rises  to  the  sitrface 
in  patches  as  much  as  10  feet  in  diameter  and  2  inches  thick,  and  is 
driven  by  the  wind  to  the  shore,  where  it  accumulates  in  large  quantities, 
and  when  heated  by  the  sun  is  very  offensive.  The  mass  is  composed 
chiefly  of  bacteria  imbedded  in  jelly,  but  it  also  contains  some  alga3.  I 
have  mentioned  this  case,  because  it  is  apparently  worse  than  any  which 
have  occurred  in  connection  with  water  supplies,  but  I  see  no  reason  why 
the  same  trouble  may  not  occur  in  any  body  of  surface  water  used  for  a 
water  supply.  A  possibility  of  tbis  kind  furnishes  us  with  an  additional 
incentive  to  acquire  information  upon  these  matters,  which  will  enable 
us  to  undertake  i)reventive  or  remedial  measures  witli  a  knowledge  of 
the  results  to  be  obtained. 

Mr.  Geo.  W.  IIafteb. — In  closing  the  discussion  of  the  i)aper  on 
fresh  water  algas  I  may  state  that  it  Avas  a  matter  of  grave  doiibt  with 
me  as  to  whether  the  subject  would  be  of  interest  to  the  Society,  and  I 
need  hardly  say  that  I  am  not  only  surjirised  at  the  interest  manifested, 
but  I  am  exceedingly  grateful  to  the  gentlemen  who  have,  by  taking  part 
in   the   discussion,  assisted  very  materially  in  the   hammering  process 
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which  every  idea  must  undergo  before  it  attains  the  fixed  form  indicating 
complete  evolution. 

The  remarks  of  Professor  Leeds  at  the  meeting  of  May  1st  may  first 
claim  attention.  Reference  is  made  to  the  report  of  Dr.  John  Torrey 
upon  the  oftensive  condition  of  the  Croton  water  in  the  summer  of  1859, 
and  Professor  Leeds  very  justly  ascribes  great  credit  to  Dr.  Torrey  for 
the  clear  views  which  he  even  at  that  relatively  early  day  })resented.  I 
agree  with  Professor  Leeds  as  to  the  value  of  Dr.  Torrey 's  report.  It 
has  been  in  my  possession  for  a  number  of  years;  and  I  have  been  in  the 
habit  of  consulting  it  as  the  original  American  classic  on  this  subject. 
(See  Appendix,  page  555.)  Nevertheless,  I  cannot  but  conclude  that  we 
have  made  great  advances  in  our  knowledge  since  Dr.  Torrey  wrote  in 
1859.  At  that  time  there  was  absolutely  no  American  work  on  crypto- 
gamic  l)otany  in  existence,  and  even  the  great  work  of  Eabenhorst  which, 
by  reason  of  being  written  in  the  universal  Latin  language,  speedily 
became  the  handy  reference  book  of  all  students  of  the  cryptogams,  did 
not  appear  until  five  years  later.  In  England,  Hassall's  work,  a 
new  edition  of  which  had  ai^peared  two  years  previous,  was  then 
about  the  only  available  book,*  and  the  American  student  of  that 
day  could  hardly  find  a  more  satisfactory  reference.  If  we  consider, 
therefore,  the  paucity  of  the  literatiire  which  even  an  eminent 
botanist  like  Dr.  Torrey  had  at  hand,  it  is  not  to  be  wondered  at 
that  he  hardly  compassed  the  whole  question,  and,  at  the  same  time, 
the  clearness  of  his  views  in  many  particulars  easily  leads  to  the  conclu- 
sion that  he  had  given  the  subject  as  an  independent  proposition  very 
careful  consideration.  Professor  Leeds,  however,  withoiit  actually 
saying  so,  unintentionally  leaves  the  impression  that  Dr.  Torrey,  at  that 
time,  clearly  affirmed  the  oil  globule  as  a  cause  of  objectionable  tastes 
and  odors,  but  a  cursory  reading  of  what  Dr.  Torrey  said  will  remove 
all  misapi^rehension  on  this  jooint. 

Professor  Leeds  is  right  in  assuming  that  the  starch  experimented  with 
was  not  chemically  pure,  that  it  was  in  short  ordinary  commercial  starch. 
As  the  result,  however,  of  some  farther  trial  I  arrive  at  the  conclusion 
that  the  failure  of  chemically  pure  starch  to  give  the  odors  in  question 
is  a  matter  of  little  or  no  significance.  We  are  not  dealing  with  the 
starch  as  a  finished  chemical  product,  but  rather  with  it  as  in  process  of 
formation;  we  are  dealing  in  short  with  the  chemical  i^rocesses  in  the 
plant  rather  than  with  sixch  processes  in  the  laboratory.  The  formation 
of  starch  in  the  growing  plant  is  a  matter  about  which  nothing  jjositive 
is  yet  known  farther  than  this,  that  while  the  completed  starch  grain  is 
by  itself  a  piire  carbo-hydrate,  it  is,  nevertheless,  in  some  way  a  jaroduct 
of  the  nitrogenous  protoplasm,  and  so  intimately  related  to  it  that  we 
do  no  '^^olence  to  the  jiresent  state  of  knowledge  by  taking  the  starch 
grain  in  process  of  formation  as  one  of  the  typical  causes  of  the  class  of 
*"  A  History  of  the  British  Fresh  Water  Algae,"  by  Arthur  H.  Hassall,  M.D.,  1857. 
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diflSctilties  under  consideration.  The  question  is  one  with  more  than 
theoretical  intere'st,  as  will  be  suflBcientlv  shown  liy  considering  that  tlie 
production  of  starch  in  all  the  chlorophylaceons  algaj  is  entirely 
dejaendent  upon  the  quantity  of  light  which  these  little  plants  receive. 
All  of  the  free-floating  forms  are  from  a  variety  of  causes,  as,  for  instance, 
changes  of  temperature,  cessation  of  the  production  of  gas  by  the  plants 
themselves,  etc.,  quite  susceptible  to  changes  in  specific  gravity,  and 
will,  therefore,  at  different  times,  occupy  different  levels  in  the  water. 
In  light  of  less  than  a  certain  degree  of  intensity  the  starch  is  not  formed, 
the  protoplasmic  matter,  which,  with  sufficient  intensity  of  light,  would 
go  to  the  production  of  starch,  remains  protoplasmic.  Again,  if  algae  in 
which  starch  is  fully  formed  are  placed  in  the  dark,  or  in  light  of  less 
than  the  starch-producing  degree  of  intensity,  the  starch  already  formed 
will  disappear,  such  changes  taking  place  as  restore  the  starch  material 
to  its  original  state.  On  being  again  Ijrought  into  strong  light  the 
starch  will  reform,  and  by  treatment  in  a  siiitable  culture  cell,  all 
these  transformations  can,  under  j^roper  gradation  of  light,  be  easily  ob- 
served for  a  considerable  length  of  time. 

The  application  to  be  made  of  these  observations  is  in  relation  to  the 
changes  in  intensity  of  the  light  which  will  exist  at  different  depths  in 
any  given  body  of  water,  and  consequently  in  relation  to  the  varying 
quality  of  the  water  itself  at  different  depths.  In  this  connection  it  is 
important  to  clearly  understand  that  the  production  of  chlorophyl  and 
starch  is  very  intimately  related  to  the  chemical  composition  of  water,  and 
that  if  such  conditions  obtain  as  preclude  the  continuance  of  their  for- 
mation marked  changes  in  chemical  composition  will  immediately  result. 

Professor  Nichols  made  in  1879  and  1880  a  series  of  chemical  analyses 
of  Mystic  lake  water  at  dififereut  depths,  and  the  results  show  clearly 
the  correctness  of  the  foregoing  proposition.  (See  Ajipendix,  page  557.) 
They  show  farther  that  at  both  top  and  bottom  the  free  ammonias 
attained  their  maxima  in  February,  when  the  cold  weather  of  winter 
had  partially  arrested  the  vital  processes  of  the  algse,  and  that  the  free 
ammonia  was  lowest  at  that  time  of  the  year  when  the  algte  are  known 
to  be  in  their  most  active  state,  namely,  in  October.  We  have  only  to 
consider  the  important  office  of  the  free  ammonia  as  food  for  living 
plants  to  appreciate  the  value  of  these  little  plants  as  purifying  agents. 

Changes  in  quality  of  light  as  dei^th  increases  may  result  from  two 
caiises,  or  rather  from  a  combination  of  two  causes.  There  will  always 
be  either  an  increased  opacity  of  the  water  itself,  due  to  increase  of 
coloring  matter  as  the  depth  increases;  or  where  the  coloring  matter  is 
constant  at  all  depths,  the  decrease  in  intensity  of  light  will  be  in 
accordance  with  the  general  law  that  intensity  decreases  geometrically 
as  distance  increases  arithmetically.  By  way  of  illustration,  wer  may 
assume  the  oiiacity  of  a  given  body  of  water  to  lie  such  as  to  cut  off  •/« 
of  the  total  intensity  of  light  at  the  depth  of  one  foot.  We  have  then  aftev 
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passing  through  one  foot  of  sucli  water  ^2  of  the  original  intensity  at  the 
surface.  In  passing  through  the  second  foot  the  light  will  again  lose 
2-u  of  the  total  quantity  of  light  entering  the  second  foot  or  ^'o  of  ■^^. 
At  the  depth  of  two  feet  the  total  intensity  is  therefore  Uo  of  the  orig- 
inal intensity,  and  so  on  for  any  deptli  whatever. 

The  remarks  of  Mr.  Stearns  bring  into  the  discussion  very  forcibly 
the  whole  question  of  the  relation  of  chemical  constituents  to  organized 
life,  and  indeed  open  up  a  whole  field  of  new  discussion.  Before  enter- 
ing upon  this  discussion  of  the  subject  we  need  to  define  clearly  the 
relation  of  the  plant  life  to  the  ammonias  both  free  and  albuminoid  ; 
thus,  for  instance,  albuminoid  ammonia  in  its  relations  to  matters  bio- 
logical is  the  measure  of  the  algal  life  present  in  the  water  at  the  time 
of  making  an  analysis,  while  free  ammonia  is  in  the  same  way  a  measure 
of  past  algal  life,  of  that  which  has  existed  at  some  former  period,  but 
which  has  decayed  and  passed  beyond  the  state  of  organized  life.  If  we 
make,  therefore,  a  quantitative  determination  of  the  amorphous  sedi- 
ment present  in  all  waters  the  results  will  probably  run  in  some  clear 
relation  to  the  free  ammonia.  In  the  same  way  a  quantitative  deter- 
mination of  the  life  itself  will  show  equally  a  clear  relation  to  the 
albuminoid  ammonia.  This  has  been  clearly  api^arent  to  me  for  some 
time,  but  in  the  absence  of  any  method  of  making  the  quantitative  bio- 
logical determinations  actual  results  could  not  be  arrived  at.  Professor 
Wm.  T.  Sedgwick,  of  the  Massachusetts  Institute  of  Technology,  has, 
however,  recently  published  a  method  of  making  such  determinations,* 
and  improvements  in  that  method  by  the  present  writer  leave  nothing 
to  be  desired.  The  quantity  of  life  jDvesent  in  any  given  sample  may 
now  be  determined  with  a  considerable  degree  of  precision,  and  if  we 
gain  nothing  else  by  such  examinations,  the  clearing  wp  of  our  ideas  as 
to  just  what  the  ammonias  mean  biologically  is  still  a  great  advance. 

The  ammonia  process  has  by  common  consent  come  to  be  regarded 
as  the  most  satisfactory  chemical  determination  of  the  sanitary  value  of 
potable  water  that  has  yet  been  devised,  and  its  authors,  working  largely 
upon  the  polluted  waters  of  London  wells,  fixed  upon  0.015  parts  in 
100  000  as  the  highest  permissible  limit  of  albuminoid  ammonia  ;  but 
with  a  clear  idea  of  just  what  the  albuminoid  ammonia  means,  this 
arbitrary  standard  is  shown  to  be  utterly  misleading.  Professor 
Wanklyn  states  in  the  preface  to  his  last  edition  (October,  1888)  that 
he  has  used  the  ammonia  process  for  twenty-one  years,  and  it  is  indeed 
astonishing  that  the  biological  side  of  the  question  has  never  presented 
itself  to  his  mind,  but  a  perusal  of  his  last  edition  leads  inevitably  to 
the  conclusion  that  it  never  has.  Working  largely  on  the  i^olluted 
ground  waters  in  the  \dcinity  of  London,  he  still  affirms  the  original 

*  Paper  on  Recent  Progress  in  Biological  Water  Analysis,  in  the  Journal  of  the  New 
England  Water  Works  Association,  September,  1889,  by  Wm.  T.  Sedgwick,  Associate  Pro« 
feseor  of  Biology,  Massachusetts  Institute  of  Technology. 
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standard  the  same  as  twenty  years  ago.  This  may  be  considered  as 
merely  the  natural  effect  upon  an  individual  of  the  environment,  for 
equally  eminent  chemists  differently  situated  have  long  since  learned 
the  inapplicability  of  this  arbitrary  limit,  as  a  universal  standard.  Thus 
Professor  Leeds,  at  the  outset  of  his  elaborate  study  of  the  Philadeliihia 
■water  supply,  found  it  necessary  to  prepare  new  standards,  and  as  the 
result  of  several  hundred  analyses  prepared  the  following,  which  he  has 
designated  as  sanitary  standards  :* 


Constituents  Expressed  in  Parts  per  100  000. 

General  Standard  of  Purity 
(for  Kiver  Waters  in  the 
United      States — Highest 
upper  limits.) 

0.001                 0.012 

0.01                   0.028 

0.35         0.5 

9 

Nitrous  acid  (HNO„) 

0.0001     0.001 

Nitric  acid  (HNO3) 1  0.35        0.5 

Chlorine j  0.3  1.0 

Hardness I  5.0  for  soft — 15.0  for  hard. 

Total  solids i  15  20 

Oxygen  dissolved  per  liter '! 


Professor  Leeds  states  in  the  same  connection  two  principles  which 
must  be  kept  in  mind  in  determining  standards  of  purity,  thus: 

First. — The  results  of  chemical  analysis  must  confirm  and  exjjlain  the 
facts  gathered  by  personal  inspection. 

Second. — There  must  be  established  for  every  source  of  water  supply, 
whether  cisterns,  spring,  well,  lake  or  river,  a  standard  of  purity  accord- 
ing to  which  the  quality  of  the  water  must  be  judged. 

That  these  two  principles  are  literally  true  is  becoming  more  and 
more  apparent  every  day,  and  their  clear  enunciation  in  1883  was  a 
step  in  advance  in  our  knowledge  of  the  real  significance  of  chemical 
analysis. 

Professor  Drown,  working  in  the  same  direction,  has  shown  that 
brown-colored  waters  require  to  be  judged  by  a  difl'erent  standard  from 
that  applied  to  colorless  waters,  f 

The  field  has  thus  considerably  widened  until  at  the  present  time  we 
may  affirm  that  a  complete  study  of  any  given  w^ater  supply  should 
include/bur  distinct  examinations,  which  for  present  jjurposes  are  suffi- 
ciently indicated  by  the  outline  table  on  the  opposite  page. 


*  See  a  Preliminary  Keport  of  a  Chemical  Investigationin  to  the  Present  and  Proposed 
Future  Water  Supply  of  Philadelphia,  by  Albert  R.  Leeds,  Ph.D.,  in  Annual  Report  of  the 
Philadelphia  Water  Department  for  1883,  page  243. 

t  The  Odor  and  Color  of  Surface  Waters,  by  Thomas  M.  Drown,  Professor  of  Analytical 
Chemistry  in  the  Massachusetts  Institute  of  Technology,  etc.,  in  the  Journal  of  the  New  Eng 
land  Water  Works  Association  for  March,  1888,  pages  2-29. 
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Including  detailed  statement   of 
Topographical   and   Geological 
Conditions   of  Drainage  Area, 
together  with  Observations  on 
Extent   ami  Chariicter  of  Pop- 
ulation, and  Industries   of  Re- 
gion   88     Special    Sources     of 
Pollution,   with   study  of  Nor- 
mal Samples  by  (2),  (3)  and  (4). 

m 

Depth  from  which  Sample  is 
Taken. 

h3 

n 

2 
o 

>• 
c 

s 

Temperature. 

Specific  Gravity  at  the  Actual 
Depth  and  Temperature. 

I 

Color  and  Odor. 

Intensity  of  Light  at  Actual 
Depth. 

Albuminoid  Ammonia. 

n 
g 

3 

Free  Ammonia. 

i 

Nitrous  Acid. 

Nitric  Acid. 

Oxygen  Required. 

Chlorine. 

Hardness. 

Total  Solids. 

Chlorophyceag. 

2 

a 

3 

s 

o 

Q 

>• 

5 

Cyamophycem. 

Schizomycetes. 

Animals. 

! 

Amorphous  Organic  Matte 

T. 
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The  last  column  rei^resents  the  formless  material  which  makes  a  por- 
tion of  the  sediment,  and  for  which  as  the  most  appropriate  designation  I 
have  used  the  term  amorphous  matter.  Zooglofe  has  also  been  proposed, 
but  I  may  suggest  in  reference  to  this  term  that  it  has  already  acquired 
a  definite  meaning;  namely,  a  colony  of  piitrefactive  bacteria,  imbedded 
in  a  mass  of  jelly.  The  amorphous  matter,  as  representing  organic 
matter,  which  has  passed  so  far  into  the  state  of  decay  as  to  be  without 
definite  form,  may  or  may  not  comply  with  the  strict  terms  of  this  defi- 
nition. In  many  cases  it  certainly. does  not,  and  in  all  such  the  apijlica- 
tion  of  zooglojB  would  be  inai>propriate.  At  other  times  it  would 
undoubtedly  be  scientific  to  say  amorphous  matter  in  the  zooglose 
state ;  but  the  apj^lication  of  zooglose  as  a  generic  term  for  the  phenom- 
enon in  question  can  hardly  be  considered  permissible. 

With  a  study  of  a  series  of  samples  carried  out  as  here  outlined,  we 
could  reasonably  expect  to  gain  information  relative  to  a  given  water 
supply  quite  up  to  the  present  state  of  knowledge. 

Professor  Waller's  discussion  presents  facts  of  very  great  interest. 
Thus,  his  observations  in  1881,  at  the  time  referred  to  by  Mr.  Hyatt, 
that  filtering  the  Croton  water  removed  all  of  the  free  ammonia  and 
nearly  all  the  albuminoid  ammonia  was  a  great  incentive  to  a  clearing 
of  somewhat  misty  views  on  my  j^art,  and  I  hope  it  may  be  equally  pro- 
lific to  others.  Professor  Waller  is,  however,  mistaken  in  supjoosing 
that  I  absolutely  deny  the  jDresence  of  oil  in  the  Cyanaphycece.  If  he 
will  kindly  re-read  the  original  pajDer  he  will  see  that  the  statement 
really  is  that  starch  and  oil  are  not  the  most  important  characteristics, 
but  that  in  the  plants  in  question  the  mucilaginous  jelly  is  a  more  im- 
portant feature. 

The  last  paragrajih  of  Professor  Waller's  discussion  demands  mo- 
mentary consideration.  Thus,  in  regard  to  the  ammonias,  nitrites  and 
nitrates,  I  may  say  that  while  these  substances  usually  exist  in  potable 
waters  in  such  minute  quantities  as  to  be,  if  just  added,  entirely  harm- 
less, nevertheless,  the  ammonias  and  nitrites,  as  representing  organic 
matter  in  a  state  of  change,  are  very  intimately  connected  with  any  un- 
wholesome conditions  of  the  water.  In  the  nitrates  we  may  consider 
the  organic  nitrogen  completely  reduced  to  the  inorganic  form,  and 
hence  incapable  of  further  change.  In  further  extension  of  this  part  of 
the  discussion  I  adojit  the  view  of  Professor  Drown,  that  if  the  algae 
take  up  and  remove  from  the  water  organic  substances  capable  of 
undergoing  change,  they  are  probably  doing  a  good  work,  but  we  should 
not  lose  sight  of  the  fact  already  referred  to  in  a  previous  part  of  the 
discussion,  that  nitrates  may  themselves,  under  favorable  conditions, 
become  food  for  alga)  and  the  direct  cause  of  such  growths  in  waters, 
which  would  be  free  from  them  if  the  nitrates  were  absent. 

Since  writing  the  original  paper  I  have  considerably  extended  my 
knowledge  of  the  jelly-produciug  capacity  of  the  diatoms,  and  as  this  i» 
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undoubtedly  a  very  imijortant  phase  of  the  question,  I  will  briefly  re- 
cord the  results  here. 

On  May  10th,  1889,  I  observed  the  sides  of  the  masonry  of  inlet  well 
and  the  rip-rap  at  Mt.  Hope  reservoir  of  the  Rochester  supply  to  be 
covered  with  a  filamentous  growth  which,  at  that  date,  had  a  length  of 
several  inches.  On  examination  it  turned  out  to  be  principally  two 
diatoms,  Encyonema  and  Cocconema.  The  former  is  distinguished  by  a 
cymbiform  frustule,  arranged  in  longitudinal  series  within  tixbular  fila- 
ments. The  latter  has  a  stipitate  supporting  frond  with  the  frustule  at 
the  extreme  end.  Both  were  present  in  quantity,  and  the  sub-membrane- 
ous filament  of  the  one  and  the  supporting  frond  of  the  other  together 
made  a  considerable  mass  of  nitrogenous  material.  On  May  22nd  and 
23rd,  rejiorts  were  brought  to  the  Water  Works  Department  that  Hem- 
lock lake  water,  as  delivered  to  the  consumers,  had  suddenly  acquired 
a  strong  fishy  taste  and  odor,  and  further  investigation  showed  that  the 
moving  filaments  and  fronds  of  two  weeks  before  had  contracted  to  the 
depth  of  one-half  inch,  and  were  only  apparent  as  masses  of  compact 
jelly.  Study  at  Rush  reservoir  and  at  Hemlock  lake  itself  revealed 
the  fact  that  a  similar  growth  was  present  at  both  places,  and  after 
going  over  the  lake  and  both  reservoirs  quite  carefully,  I  estimated  the 
total  quantity  of  this  compact  jelly  as  at  least  2  000  cubic  yards.  A 
carefiil  study  with  the  microscope  showed  that  while  the  greater  portion 
of  this  was  Encyonema  and  Cocconema,  there  were  also  present  in  the 
jelly-mass  Fragillarin  (two  species),  Gyclotella,  Stephanodiscus,  Asterion- 
ella,  Synedra,  Gomphonema  and  Pleurosigma  Spencerii. 

Tests  were  also  made  of  samples  of  water  from  diflferent  depths  and 
upon  the  jelly  itself,  similar  to  those  already  described  in  the  original 
paper  in  the  account  of  Volrox  globator,  and  no  doubt  remained  as  to  the 
connection  of  the  jelly  with  the  fishy  taste  and  odor. 

The  persistency  of  the  fishy  odor  was  well  illustrated  by  accident- 
ally spilling  some  hot  water  containing  the  jelly  over  my  clothing, 
whereupon  I  carried  about  the  smell  of  a  fish-market  for  several  hours. 

On  May  28th  and  29th,  very  heavy  wind  prevailed  for  more  than 
thirty-six  hours,  and  at  its  cessation  not  a  single  vestige  of  the  jelly- 
mass  could  be  found  at  either  lake  or  reservoirs.  When,  however,  a 
few  gallons  of  water  from  the  lake  itself  were  concentrated  by  filtering, 
into  about  100  cc,  it  was  found  to  contain  a  white,  slightly  flocculent 
sediment,  whereas  the  same  treatment  i^revious  to  the  heavy  wind  yielded 
nothing  of  the  sort.  Similar  treatment  of  samples  from  the  city  distribu- 
tion yielded  a  brown-colored  sediment,  evidently  the  same  as  that  from 
the  lake  except  in  the  matter  of  color.  Samples  from  different  depths 
in  both  reservoirs  showed  the  same  as  that  from  the  lake,  L  e. ,  white- 
colored  sediment,  while  those  taken  from  the  main  conduit  just  before 
■entering  reservoirs,  showed  brown-colored,  same  as  from  city  distribu- 
tion, thus  clearly  showing  the  reducing  effect  upon  the  distributed  jelly 
of  agitation  while  passing  through  the  mains. 
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This  study  was  of  further  interest  by  reason  of  the  light  it  threw  upon 
the  cases  which  have  been  cited  by  Mr.  Fteley  of  tastes  and  odors  appa- 
rently unaccompanied  by  the  presence  of  any  plant  life.  Had  no 
knowledge  been  gained  of  the  seat  of  the  difficulty  previous  to  the 
heavy  winds  of  May  28th  and  29th,  there  would  have  been  absolutely 
no  chain  of  circumstances  by  which  to  connect  the  fishy  taste  and  odor 
with  the  rankly  growing  diatoms  of  May  10th,  and  I  have  no  doubt  but 
that  an  equally  certain  iihysical  cause  will  be  foiind  in  every  such  case 
if  all  the  attendant  circumstances  can  be  got  at. 

On  June  1st,  heavy  rains  fell  (-J-  3  inches),  and  the  consequent  in- 
flow to  Hemlock  lake  was  suflScient  to  immediately  reduce  the  intensity 
of  the  fishy  taste  and  odor  by  quite  an  appreciable  amount,  and  finally 
about  June  25th,  it  was  found  to  have  entirely  disappeared. 

Daily  examinations  were  made  by  two  observers  during  the  whole 
time  of  the  continuance  of  the  fishy  taste  and  odor,  and  one  fact  of 
considerable  significance  was  clearly  brought  out,  namely,  the  marked 
absence  of  all  kinds  of  animal  life.  Hemlock  lake  water  at  the  begin- 
ning of  June  usually  abounds  in  certain  rotifers  and  entomostracans, 
but  at  this  time,  except  on  the  surface,  they  were  almost  entirely  absent. 
The  plant  life  was  also  quite  low,  less  than  usually  observed,  and  it  is 
matter  of  regret  that  no  quantitative  determinations  were  made.  Had 
such  a  series  been  carried  on  both  before,  during  and  after  the  fishy 
taste  and  odor,  we  would  be  able  to  answer  definitely  many  practical 
questions  of  which  at  present  the  solution  can  only  be  inferred. 

What  may  be  termed  accidental  experience  during  the  last  summer 
leads  to  the  conclusion  that  this  matter  of  the  formation  of  jelly  on  a 
large  scale  by  the  diatoms  is  very  common.  Thus  at  Batavia,  New 
York,  in  August,  I  found  an  area  of  several  acres  over  which  water 
enough  flowed  from  a  series  of  springs  issuing  from  the  base  of  a  hill , 
to  keep  the  ground  partly  free  of  vegetation.  This  area  had  growing 
upon  it  masses  of  diatomaceous  jelly  similar  to  that  found  at  Hemlock 
lake  and  the  Rochester  reservoirs  earlier  in  the  season,  and  in  suf- 
ficient quantity,  if  one  cared  to  gather  it,  to  fill  many  bushels. 

Later  in  the  season  (October  15th)  a  similar  growth  was  found  at 
Canadice  lake,  different,  however,  in  this,  that  while  all  the  other  jellys 
seen  this  year  have  been  characterized  by  absence  of  animal  life  in 
the  jelly  itself,  this  Canadice  specimen  contained  vast  numbers  of  green 
infusoria,  which  had  comfortably  established  themselves  throughout  all 
parts  of  the  jelly. 

The  origin  of  the  jelly  mass  is  still  involved  in  considerable  obscurity, 
nothing  like  a  complete  explanation  having  yet  been  made.  It  is 
probable,  however,  that  so  far  as  relates  to  the  diatoms  the  general  state- 
ment of  the  Rev.  "William  Smith,  thirty-five  years  ago,  that  the  Diatoma- 
cece,  while  possessing  8i)ecial  features  of  their  own  are  intimately  allied 
to  the  other  orders  of  the  Protophyta,  especially  to  the  Nostocacece,  in 
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the  tendency  sho-wn  by  several  genera  to  surround  their  frustules  with 
frondose  masses  of  mucus,  is  essentially  correct.* 

Among  recent  publications,  the  most  complete  observations  on  the 
origin  of  the  gelatinous  envelope  of  diatoms  are  those  of  Professor  Ham- 
ilton L.  Smith,!  and  his  conclusion  is  probably  true  that  the  excep- 
tional development  of  the  enlarged  sporangium,  which  is  the  usual  ac- 
companiment of  extensive  diatomaceous  jelly  masses,  is  merely  a  phase 
of  reproduction,  by  which,  after  a  long  series  of  vegetative  generations 
by  division,  there  is  in  effect  a  rejuvenescence  by  conjugation,  accompa- 
nied by  a  material  increase  in  the  size  of  the  resulting  primary  genera- 
tion over  that  of  the  parent  cells,  which  uniting  by  conjugation,  formed 
a  new  sporangium  and  its  investing  mucilaginous  gelatine.  From 
whence  it  happens  that,  after  a  long  series  of  vegetative  generations  by 
division,  the  time  arrives,  in  the  due  course  of  the  life  history,  for  re- 
production by  conjugation.  If  at  such  time  the  conditions  are  favorable 
for  this  taking  place  on  a  large  scale,  we  will  have  in  certain  species  in 
which  this  tendency  to  sporangial  development  is  particularly  pro- 
nounced, the  formation  of  considerable  masses  of  the  mucilaginous  gela- 
tine. The  basis  of  this  view  is  stated  by  Professor  Smith  to  have  been 
first  advanced  by  Braum  in  his  "Rejuvenescence  of  Nature,"  in  1851. 
It  is  also  held  as  true  by  McDonald  and  Dr.  Greville,  as  cited  by  Pro- 
fessor Smith,  and  this  consensus  of  distinguished  opinion  is  entitled  to 
the  most  careful  attention. 

The  foregoing  is  merely  a  brief  outline  of  a  very  small  portion  of  Pro- 
fessor Smith's  paper,  and  for  the  complete  detail  I  must  refer  those  suf- 
ficiently interested  to  pursue  the  matter  further  to  the  paper  itself. 

This  question  of  the  excretion  of  a  protoplasmic  gelatine  either  just 
before  or  during  impregnation  has  been  studied  by  A.  Dodel-Port,  who 
advances  interesting  views  in  a  recent  paper.  J 

According  to  his  view  certain  algae  always  excrete  protoplasm  during 
the  coalescence  of  the  conjugating  cells.  In  the  higher  types  it  would 
appear  as  if  this  excretion,  which  is  usually  from  the  female  cell  before 
impregnation,  had  simply  for  its  object  the  formation  of  a  nidus  for  the 
reception  of  the  male  fertilizing  agent. 

Professors  Sachs  and  De  Barry  have  both  studied  the  origin  and 
composition  of  the  mucilaginous  gelatine.  De  Barry,  more  particularly 
in  relation  to  its  connection  w  ith  ttie  development  of  the  fungi  and  bac- 
teria, while  Sachs'  studies  are  general  in  their  character,  including  the 
vegetable  mucilage,  not  only  of  plienogamous  plants,  but  also  of  algas, 
fungi  and  bacteria. 

*A  Synopsis  of  the  British  Diatomacece,  by  the  Rev.  William  Smith.  London,  1853-56. 
Introduction  to  Vol.  II,  page  21. 

t  Piper— A  Contribution  to  the  Life  History  of  the  Diatomacew,  Part  II,  by  Professor  H. 
L.  Smith,  in  the  Proceedings  of  the  American  Society  of  Microscopists,  1887,  pages  12G-167. 

i  Biologische  Fragmente,  by  A.  Dodel-Port,  Part  II.  Cassel  and  Berlin,  1885.  Also  Hot. 
Centralbl.,  XXIV  (1885),  page  132.     Also  J.  Roy,  Micr.  Soc.  1886,  page  278. 
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Sach's  latest  views  may  be  summarized  as  follows  :*  The  cliange 
which  results  in  the  production  of  the  gelatine  may,  under  certain  cir- 
cumstances, occur  as  a  diseased  condition,  while  in  other  cases  it  appears 
as  a  normal  change,  serving  definite  purposes  of  life  ;  and  in  the  economy 
of  the  alg£e  and  many  of  the  fungi  this  change  plays  so  important  a  part 
that  the  form  and  mode  of  life  of  such  plants  are  to  a  certain  extent 
determined  by  it. 

De  Barry's  observations  on  the  development  and  life-history  of  the 
fungi  and  bacteria  lead  to  essentially  the  same  conclusions.! 

The  views  of  both  Sachs  and  De  Barry  are  too  elaborate  to  be  gone 
into  at  length,  and  my  present  object  in  referring  to  them  at  all  is  merely 
to  call  attention  to  their  works  as  throwing  considerable  light  on  the 
general  subject. 

A  paper  of  this  sort  ought  to  include  some  discussion  of  the  question 
of  remedy.  I  do  not,  however,  give  that  part  of  the  subject  special 
consideration  at  this  time,  chiefly  because  I  am  not  fully  j^repared  to 
make  such  thorough  discussion  as  it  demands.  Many  of  the  hints  of  the 
gentlemen  who  have  taken  part  in  the  present  discussion  are  valuable, 
and  in  some  cases  fully  cover  the  ground,  but  for  the  more  serious 
difficulties  of  the  kind  under  consideration  my  present  view  is  that 
sand  filtration  is  the  most  efficient  remedy  that  can  be  devised. 

Mr.  Fteley  has  suggested  the  ai^pointment  of  a  special  committee  of 
the  Society  for  the  purpose  of  corresponding  with  various  water  boards 
in  order  to  ascertain  whether  it  would  be  possible  to  join  in  a  systematic 
study  of  these  matters  under  concerted  action.  Such  a  study,  if  intel- 
ligently directed,  would  be  productive  of  practical  results  of  great 
value,  and  is  clearly  worthy  the  Society's  attention. 

♦Lectures  on  the  Physiology  of  Plants,  by  Julius  Von  Sachs,  Translated  by  Ward.  Clar- 
endon Press.  1887,  pages  89-90. 

tComparative  Morphology  and  Biology  of  the  Fungi,  Mycetozoa  and  Bacteria,  by  A.  De 
Barry,  Professor  in  the  University  of  Strassburg,  Translated  by  Garnsey.  Clarendon  Press, 
1887,  pages  9-12.  456-460. 
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APPENDIX. 

The  following  is  Dr.  Torrey's  Report: 

New  York,  August  25th,  1859. 
To  Myndert  Van  Schaick,  Thomas  B.  TAPPANand  A.  W.  Craven,  Esqs., 
Croton  Aqueduct  Board : 

Gentlemen, — A.t  your  request,  and  in  company  with  Dr.  Chilton,  I 
visited  Croton  lake  on  the  18th  inst. ,  for  the  purpose  of  ascertaining,  if 
possible,  the  cause  of  the  disagreeable  quality  observed  in  the  water 
distributed  through  the  city,  and  which  had  been  the  subject  of  serious 
and  general  complaint  for  a  week  or  two  previous.  On  driving  down  the 
hill  that  leads  to  the  dam,  and  before  reaching  the  lake,  we  noticed  the 
same  miisty  odor  that  characterized  the  water  of  the  hydrants  in  the 
•city.  Mr.  Adamson,  the  gate-keeper,  afforded  us  every  facility  in  prose- 
cuting our  researches,  and  piloted  us  to  various  places  on  the  lake.  He 
brought  to  our  notice  a  bright  green  substance  that  had  api^eared  within 
the  last  twenty-four  hours  in  the  water  near  the  dam.  This  material  had 
been  driven  by  a  favorable  wind  to  the  outlet  of  the  lake,  where  it  ac- 
cumulated so  as  to  form  a  considerable  stratum  in  quiet  recesses  near 
the  shore.  The  water  at  the  time  was  very  low,  only  a  small  portion 
flowing  over  the  dam.  A  quantity  of  the  water,  quite  thick  with 
the  green  material,  had  been  reserved  for  our  examination,  and  we 
had  collected  some  of  it  ourselves  from  the  surface  of  the  lake.  We 
soon  became  convinced  that  this  unusual  ingredient  was  the  cause  of  the 
peculiar  taste  and  odor  of  the  water.  After  examining  the  character  of 
the  larger  aquatic  plants  that  grew  abundantly  in  the  western  portion 
of  the  lake,  and  taking  new  samples  of  the  water  from  various  places, 
we  returned  to  the  city,  and  I  commenced  my  examination  immediately, 
before  any  obvious  change  had  taken  place  in  the  properties  of  the 
■water. 

On  placing  a  portion  of  it  under  a  microscope,  it  was  found  to  be 
filled  with  little  straight  filaments,  which  were  composed  of  oblong 
roundish  cells,  in  a  single  row  like  a  string  of  beads,  and  in  no  case  did 
I  find  these  threads  to  be  branching.  Most  of  the  cells  were  about  one- 
third  longer  than  broad,  and  were  filled  with  a  bright  green  substance, 
composed  of  irregular  gi-ains.  This  matter  was  proved  to  be  chlorophyl, 
or  the  green  coloring  substance  of  leaves.  Interposed  here  and  there 
in  the  bead-like  filaments  were  two  other  kinds  of  cells,  the  one 
perfectly  spherical,  three  times  the  size  of  the  oblong  ones,  and  filled 
with  green  sj^ores  or  seeds,  by  which  the  plant  is  reproduced  ;  the  other 
also  sjiherical,  but  much  smaller,  and  containing  a  yellowish  fluid,  but 
no  green  grains.     The  function  of  the  latter  is  unknown  to  me. 

There  were  only  a  few  other  kinds  of  microscopic  plants  in  the  water, 
nearly  all  of  which  belong  to  a  particular  tribe,  called  by  botanists 
Desmidece.  In  ordinary  seasons  these  constitute  the  chief  vegetable  forms 
existing  in  the  Croton.  The  number  of  living  animalculaj  was  also  un- 
usually small.  In  repeated  instances,  on  concentrating  the  water  of  the 
city  hydrants,  at  the  time  that  it  exhibited  the  oflensive  properties  com- 
plained of,  I  found  its  characteristics  precisely  those  of  the  water  taken 
at  the  dam.  The  day  after  collecting  the  samjjle  of  bright  green  water 
at  the  lake,  I  submitted  it  again  to  the  microscoi^e,  and  was  surprised 
to  find  that  all  the  beaded  filaments  had  disappeared,  but  there  was 
floating  in  the  liquid,  in  a  separate  state,  the  larger  spherical  green  cells 
and  the  smaller  yellowish  ones.  I  had  noticed  iu  my  first  examination 
several  of  the  filaments  break  up  by  the  successive  bursting  of  the  little 
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cells.  Without  doubt  the  myriads  of  little  plants  obtained  in  my 
sample  had  disappeared  in  the  same  way.  I  have  since  repeatedly  seen 
the  filament  break  up  in  water  taken  from  the  hydrants.  They  undergo 
dissolution  much  more  quickly  when  they  are  confined  in  a  bottle. 
After  the  rupture  of  the  cells  the  water  retains  its  green  color  for  some 
time,  but  it  finally  becomes  bleached  from  the  decomjjosition  of  chloro- 
phyl.  The  bright  green  water  from  the  Croton  dam  became  quite 
viscid  in  less  than  twenty-four  hours,  and  the  following  day  it  was 
somewhat  putrid,  and  emitted  a  little  ammonia,  but  not  the  least  trace 
of  sulphureted  hydrogen.  Most  of  the  sjDherical  cells  just  noticed 
remained  entire,  but  the  green  ones  had  evidently  matured  their  spores 
or  seeds. 

Before  the  green  water  had  decomj^osed,  I  evaporated  a  portion  to 
dryness,  with  great  care,  as  as  to  avoid  scorching  it.  Sulphuric  ether 
agitated  with  the  residue  became  of  a  lively  grass  green  tint,  but  without 
materially  diminishing  the  color  of  the  mass.  The  solution  after  spon- 
taneous evaporation  of  the  ether  left  a  thick  brownish  green  matter, 
which  was  resoluble  in  ether  and  alcohol  but  not  in  water.  It  was 
doubtless  one  of  the  coloring  bodies  of  chlorophyl.  A  portion  of  the 
green  water  was  then  boiled  for  some  time  ;  it  lost  its  color  and  odor, 
and  deposited  brownish  flakes  on  cooling.  The  water  that  distilled  over 
contained  the  odorous  principle  in  a  concentrated  form. 

From  this  examination,   and  from  the  researches  of  Dr.   Chilton, 
I  think  we  are  warranted  in  concluding  that  the  recent  offensive  condi- 
tion of  the  Croton  water  was  owing  to  a  rapid  and  abundant  growth  o 
m  croscoi^ic  conferva-like  plant,  which  abounds  in  a  volatile,  odorous 
principle,  soluble  to  some  extent  in  water. 

We  were  extremely  fortunate  in  making  our  visit  to  the  lake  at  just 
the  time  when  a  favorable  wind  drove  the  little  plant  (floating  by  adher- 
ing bubbles  of  oxygen  gas)  to  the  outlet;  thus  bringing  within  the  space 
of  a  cubic  inch  as  many  of  the  filaments  as  could  be  separated  by  filtra- 
tion from  a  hogshead  of  the  water  a  short  distance  from  the  dam. 

I  have  not  yet  satisfied  myself  as  to  the  origin  of  these  little  fila- 
ments; whether  they  are  an  entire  plant,  or  once  constituted  a  part  of  a 
more  complex  alga.  They  are  more  minute  than  in  any  true  conferva 
known  to  me,  being  over  2500tli  to  2000th  of  an  inch  in  diameter,  and 
from  a  50th  to  the  20th  of  an  inch  long.  I  strongly  suspect  that  they 
are  derived  from  a  species  of  the  genus  Nostoc  of  botanists.  The  genus 
usually  consists  of  a  globular  or  oblong  vesicle,  from  the  size  of  a  buck- 
shot to  the  bigness  of  a  plum,  and  filled  with  mucus  which  is  loaded 
with  minute,  bead-like  filaments.  When  the  little  bladders  burst  the 
contents  escape,  the  mucus  dissolves  in  the  water,  and  the  filaments  are 
set  free.  Sometimes  the  waters  of  small  lakes  are  filled  with  these  small 
bladders  of  Hostoc.  Since  examining  the  water  I  have  had  no  oppor- 
tunity of  revisiting  the  lake  to  verify  my  conjecture. 

The  question  naturally  arises,  why  this  plant  should  have  made  its 
appearance  in  such  quantities,  and  not  have  been  noticed  before  ?  We 
can  only  reply  that  the  case  is  not  a  singular  one.  Even  in  the  higher 
order  of  plants,  it  is  a  common  circumstance  for  a  particular  species  to 
abound  at  one  time,  and  then  almost  disappear  for  years  ;  and  in  the 
lower  vegetable  tribes,  especially  those  which  inhabit  the  water,  is  this 
strikingly  the  case.  The  present  summer  has  been  uniisually  favorable 
to  vegetation  of  all  kinds  ;  but  what  are  the  circumstances  which  have 
so  remarkal)ly  multiplied  this  little  alga  I  have  not  yet  determined.  It 
is  a  plant  of  short  duration,  and  should  it  reappear  another  season,  the 
l)robabilty  is  that  it  will  not  annoy  us  long.     Very  likely  more  or  less  of 
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it  occurs  every  summer,  bu.t  tliis  is  the  first  time  that  it  has  been  offen- 
sively brought  to  our  notice.  Even  when  it  was  most  abundant  in  the 
Croton,  I  do  not  believe  that  it  communicated  any  unwholesome  quality 
to  the  water.  Its  odor  and  taste  were  certainly  unpleasant.  While  the 
unpleasant  quality  of  the  water  continues,  the  ordinary  filter  will  remove 
all  the  suspended  matter,  and  a  little  fresh-burned  vegetable  charcoal 
or  animal  carbon,  will  take  away  the  disagreeable  smell  and  taste.  A 
good  method  of  using  the  charcoal  is  to  heat  some  small  pieces  red  hot, 
and,  after  quenching,  inclose  them  in  a  little  bag  of  gauze,  and  suspend 
them  in  the  water.  The  charcoal  should  be  renewed  or  reburned  every 
day  or  two.  ' 

I  am,  gentlemen,  very  respectfully, 

Your  obedient  servant, 
(Signed)  John  Torrey. 


Professor  Nichols'  results  so  far  as  the  ammonias  and  solids  are  con- 
cerned are  embodied  in  the  following  table  compiled  from  Eeport  of 
Boston  Water  Board  for  1880. 

Examination  of  Mystic  Lake  Water  by  Professor  Wm.  Eipley  Nichols 
(Results  expressed  in  parts  per  100  000) : 


18  feet  below  surface. 

50  to  78  feet  below  Surface. 

Date. 

Free 
Ammonia. 

Albuminoid 
Ammonia. 

Total 
Solids. 

Free 
Ammonia. 

Albuminoid 
Ammonia. 

Total 
Solids. 

October  18,  1879.... 

Novembers,  "   .... 

15,  "   .... 

22.  «'   .... 

Decembers,   "   .... 

January  30,   1880... 

February  6,     "   ... 

17,      "   ... 

March  6,           "   .. 

April  5,             "    ... 

••    U,            "   ... 

May    \             "   ... 

"      12,             ••    ... 

"      24,             "    ... 

June    3,             "    ... 

0.001 
0.008 
0.008 
0.015 
0.011 
0.031 
0.035 
0.041 
0.040 
0.040 
0.040 

o!632 
0.040 
0.036 

0.017 
0.011 
n.013 
0.013 
0.011 
0.016 
0.019 
0.016 
0.016 
0.013 
0.016 

oioie 

0.016 
0.017 

9.1 

9.6 

9.6 

9.8 

9.6 

11.1 

11.1 

10.8 

10.4 

10.2 

10.4 

i6!5 
10.6 
10.3 

0.007 
0.009 
0.023 
0.016 
0.011 
0.027 
0.080 
0.075 
0.040 
0.041 
0.043 
0.048 
0.064 
0.064 
0.049 

0.011 
0.011 
0.027 
0.017 
0.008 
0.016 
0.019 
0.017 
0.015 
0.013 
0.017 
0.019 
0.016 
0.015 
0.016 

7.8 

9.6 

11.6 

9.6 

9.7 

11.8 

11.8 

11.5 

9.5 

10.2 

10.3 

10.1 

10.3 

10.5 

10.6 

0.027 

0.015 

10.2 

0.040 

0.016 

10.3 

Average  at  top  during  the  same  time,  October,  1879- 
1880 

Average  as  drawn  in  Charleston  during  the  same  time.. 


10  0 
9.8 
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ON  THE  EFFECT  OF  A  RAPIDLY  INCREASING  SUP- 
PLY OF  WATER   TO   A  STREAM,   ON   THE 
FLOW  BELOW  THE  POINT  OF  SUPPLY. 


By  James  B.  Fkancis,  Past  President  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 


In  tlie  Cliezy  formula  for  the  flow  of  water  in  channels,  viz. : 

V=  velocity  in  feet  per  second  ; 

C  =  a  co-efficient  depending  on   the  nature  of    the  bed   of  the 

channel ; 
R  =  the  hydraulic  mean  depth  ; 
/  =  the  slope  or  descent  per  foot  in  length. 
In  this  case  G  and  /  may  be  taken  as  constant.     The  depth  of  the 
stream,  and  consequently  the  value  of  R,  will  increase  with  the  quantity 
of  water  flowing,  and  by  the  formula,  the  velocity  will  increase  as  y  i2 
increases. 

The  increased  velocity  due  to  the  increased  quantity  will  be  first  felt 
near  the  point  of  supi)ly,  and  later  in  the  stream  below,  and  the  effect 
■will  be  that  after  a  sufficient  time  the  upper  parts  of  the  stream   having 
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a  greater  velocity,  will  overtake  the  lower,  combining  with  them  and 
flowing  on  together,  with  a  depth  and  velocity  due  to  the  greater 
quantity. 

This  effect  will  be  most  distinctly  indicated  in  a  stream  having  a 
rapid  descent,  and  may  be  illustrated  as  follows  : 

In  a  stream  having  a  rocky  bed,  for  which  G  =  50,  suppose  the  de- 
scent to  be  1  foot  in  100  feet,  or  /=  0.01 ;  and  suppose  the  section  and 
wetted  perimeter  to  be  such  that  i2  =  1.     Then,  by  tUe  above  formula, 

F=  5  feet  per  second. 

In  100  seconds  from  a  given  moment  suppose  the  supply  of  water, 
and  with  it  the  depth  of  the  stream,  to  be  increased  so  thati?  =  4.  Then 
the  velocity  will  be  increased  to  5 y^i  =  10  feet  -per  second. 

Put  X  =  the  time  from  the  admission  of  the  additional  supply  in 
which  the  increased  current  will  overtake  the  original  current,  which 
has  had  a  start  of  100  seconds,  100  X  5  +  5x  =  lOic,  from  which  we  find 
X  =  100  seconds. 

The  distance  from  the  jsoint  of  admission  of  the  additional  supply  to 
the  point  where  it  will  overtake  the  stream  flowing  5  feet  jjer  second  will 
be  100  X  10  =  1  000  feet. 

After  the  lapse  of  another  100  seconds,  suj^pose  another  additional 
supply  is  admitted  from  the  same  source,  increasing  the  dejith  so  that 
i2  =  9,  and  the  velocity  becomes  5^/9  =  15  feet  per  second. 

For  the  time  x  from  the  admission  of  the  second  additional  sujiply, 
when  it  will  overtake  the  first  additional  supjjly,  which  has  a  start  of 
100  seconds,  we  have  100  X  10  +  10.^•  =  15a;,  and  x  =  200  seconds. 

The  distance  from  the  point  of  admission  of  the  additional  supply 
where  it  will  overtake  the  preceding  will  be  200  x  15  =  3  000  feet. 

After  the  lapse  of  another  100  seconds,  another  additional  supjaly  is 
admitted,  increasing  the  depth  so  that  jK=16,  and  the  velocity  be- 
comes 5-1/16  =  20  feet  per  second. 

Similarly,  the  time  x  from  the  admission  of  the  third  additional  sup- 
ply when  it  will  overtake  the  second  additional  supply,  which  has  a  start 
of  100  seconds,  will  be  100  X  15  + 15a;  =  20a;;  and  a:  =  300  seconds,  and 
the  distance  from  the  point  of  admission,  where  it  will  overtake  the  jDre- 
ceding,  will  be  300  x  20  =  6  000  feet. 

After  the  lapse  of  another  100  seconds,  another  additional  sujiply  is 
admitted,  increasing  the  depth  so  that  R  =  25,  and  the  velocity  be- 
comes 5'\/25  =  25  feet  per  second. 
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The  time  x  when  it  will  overtake  the  preceding  will  be  100  x  20  + 
20a;  =  25a;,  and  x  =  400  seconds,  and  the  distance  from  the  point  of  ad- 
mission where  it  will  overtake  the  preceding  will  be  400  X  25  =  10  000 
feet. 

If  there  is  no  further  increase  in  the  supply  there  will  be  no  further 
increase  in  the  value  of  R  or  in  the  velocity.  If  the  supply  diminishes 
the  value  of  E  will  diminish  also  at  the  point  of  supply,  but  the  efifect 
of  the  preceding  additions  will  not  be  reduced,  even  if  the  supply  should 
entirely  cease,  and  R  become  zero  at  the  point  of  supply,  and  from  the 
moment  when  the  current  due  to  the  latest  increase  in  the  su^sply  has 
overtaken  the  preceding  currents,  and  of  course  become  the  head  of  the 
torrent,  it  will  continue  to  flow  down  the  channel  with  the  same  depth 
and  velocity  so  long  as  the  descent  and  form  of  the  channel  continue 
uniform,  and  for  the  same  length  of  time  that  the  maximum  supi^ly  is 
continued,  after  which  it  will  begin  to  be  reduced  in  depth  and  velocity. 

Instances  of  these  efifects  in  mountainous  countries  are  not  uncom- 
mon. A  heavy  local  rain  in  an  elevated  region  would  obviously  cause  a 
rapidly-increasing  flow  in  a  channel  in  which  the  flow  was  previously 
small  or  even  nothing,  and  as  the  flow  increased,  the  effect  would  be  as 
above  described,  and  a  torrent  would  appear  suddenly  at  points  below, 
where  there  had  been  no  rain  or  even  knowledge  of  its  occurrence  else- 
where. 

There  have  also  been  several  instances  of  the  failure  of  reservoir 
dams,  in  which  similar  effects  have  been  observed;  notably  in  this 
country  the  Mill  Kiver  Keservoir  Dam,  which  failed  in  1874,  involving 
the  loss  of  143  lives,  mainly  due  to  the  sudden  advent  of  the  accumu- 
lated torrent  at  a  village  some  miles  below;  and  the  great  loss  of  life  in 
the  recent  catastrophe  at  Johnstown,  Pa.,  from  the  failure  of  the  South 
Fork  Dam,  was  undoubtedly  largely  due  to  the  same  cause. 

The  bore  in  certain  estuaries  and  tidal  rivers  ai:)pear3  to  be  due  to 
the  same  cause. 

In  a  deej)  stream  with  a  small  descent,  and  consequently  small  ve- 
locity, the  effect  above  described  would  be  complicated  with  what  are 
sometimes  called  waves  of  translation,  which  cause  a  rise  in  the  surface 
of  the  stream  ahead  of  the  arrival  of  the  additional  sujjply. 
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DISCUSSION. 


Eliot  C.  Clarke,  M.  Am.  Soc.  C.  E.— I  understand  how  the  in- 
creased value  of  K  with  each  added  volume  of  water  from  the  point  of 
supply  would  make  the  upstream  portion  of  the  torrent  tend  to  overtake 
that  which  was  flowing  ahead  of  it.  But,  on  the  other  hand,  the  effect 
of  this  would  be  so  to  pile  up  the  water  at  the  lower  part  of  the  torrent 
,a8  to  increase  greatly  the  other  factor  /,  in  the  formula.  Then  the  front 
part  would  travel  the  faster,  and  not  until  the  inclination  due  to  this 
increased  velocity  at  the  front  had  subsided,  would  the  water  in  the  rear 
again  begin  to  overtake  tht^t  ahead  of  it.  It  seems  as  if  theory  required 
that  alternately  the  upper  and  lower  portions  of  the  torrent  should  flow 
the  faster. 

Mr.  Francis. — I  have  no  doabt  it  is  on  an  inclined  plane  in  front,  but 
atill  the  water  behind  would  be  perpetually  catching  up  to  it. 

Mr.  E.  C.  CiiARKE. — Is  it  not  a  fact  that  there  may  be  sudden  great 
freshets  in  the  upper  portions  of  streams  and  yet  little  rise  in  their  lower 
portions?  If  so,  the  rajjid  advance  of  the  upper  portion  of  the  freshet 
must  be  retarded  in  some  way,  so  that  the  inclination  is  reduced  and  the 
flood  comes  down  gradually. 

Mr.  Francis. — These  floods  that  we  hear  of  in  the  mountainous 
regions  of  the  West  sometimes  come  down  when  there  is  no  water  in 
the  stream  to  begin  with.  One  described  to  me  occurred  where  they 
were  building  a  bridge  over  a  dry  channel;  the  water  came  down  in  a 
torrent,  without  warning,  and  swept  away  the  derricks,  stagings  and 
part  of  the  work. 

J.  P.  Frizell,  M.  Am.  Soc.  C,  E. — The  reasoning  adopted  by  Mr, 
Francis,  in  explanation  of  the  movement  of  sudden  floods  in  the  chan- 
nels of  streams,  is  strictly  analogous  to  that  used  in  elucidating  the 
phenomenon  of  the  "bore"  in  tidal  rivers.  The  analogy  is  not  broken 
by  treating  the  facts  he  refers  to  as  instances  of  the  flow  of  water  in 
channels,  while  the  bore  is  regarded  as  a  case  of  the  projaagation  of 
waves. 

This  remarkable  phase  of  tidal  movement  occurs  on  but  few  rivers, 
notably  the  Hoogly  Branch  of  the  Ganges,  on  the  Seine,  and  on  the 
Amazon.  It  shows  itself  in  its  full  strength  on  these,  only  at  the  time 
of  spring  tides.  At  the  mouth  of  the  river,  shortly  after  the  time  of 
the  tide,  a  definite  wave  is  seen  advancing  up  the  channel.  It  increases 
in  height  as  it  proceeds  till  long  after  the  period  of  high  tide  is  past  at 
the  river  mouth.  It  advances,  breaking  with  a  loud  roar,  having  low 
water  in  front  of  it  and  leaving  high  water  behind  it,  till  it  exhausts 
itself  in  the  upper  reaches  of  the  estuary.  This  fact  is  accounted  for 
thus:  The  velocity  with  which  an  undulation  is  propagated  in  water  of 
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limited  depth  increases  as  tlie  depth  increases,  but  does  not  depend 
upon  the  amplitude  of  the  oscillation,  so  long  as  the  latter  is  small  as 
compared  with  the  depth.  "We  may  regard  the  tide  as  rising  by  a  suc- 
cession of  indefinitely  small  instantaneous  steps  or  jumps.  Each  suc- 
cessive increase  of  depth  would  extend  up  the  channel  according  to  the 
law  of  wave  movement,  each  moving  a  little  faster  than  the  preceding. 
The  result  is  that  all  unite  and  move  up  the  channel  in  one  graud  wave. 
The  velocity  of  the  main  wave  is  not  affected  by  its  amplitude,  but  only 
by  the  depth  of  Avater  in  front  of  it,  so  that  it  is  always  open  to  acces-' 
sions  from  below.  This  is  precisely  similar  to  the  reasoning  of  Mr. 
Francis  except  that  he  admits  that  the  wave  front  increases  in  velocity  as 
its  amplitude  increases,  which  is  undoubtedly  correct,  as  its  amplitude 
is  out  of  all  proportion  to  the  depth  of  water  in  front  of  it. 

Analogous  behavior  is  observed  on  great  rivers  in  case  of  ordinary 
floods.  It  is  a  fact  well  known  to  boatmen  that  the  current  is  much 
stronger  on  a  rising  river  than  on  a  falling  one,  or  w^hen  the  river  is  at 
a  stand.  This  is  perfectly  explicable  on  the  principles  alluded  to  above, 
viz.,  that  oscillations  and  changes  of  depth  propagate  themselves  more 
rapidly  as  the  dej)th  increases.  This  action  tends  to  concentrate  the 
fall  in  front  of  the  flood.  If  we  fix  our  attention  on  any  point  of  the 
stream,  we  can  readily  understand  how  the  velocity  there,  on  the  same 
stage  of  water,  can  be  greater  when  the  front  of  the  flood  is  at  the  point 
than  when  it  has  advanced  further  down  the  stream.  In  the  latter  case, 
the  slope  at  the  point  of  observation  has  greatly  diminished.  The  sup- 
ply has  fallen  off.  The  velocity  at  the  front  of  the  flood  is  maintained 
in  large  measure  by  the  volume  of  water  accumulated  in  the  channel, 
although  the  velocity  at  the  front  of  the  flood  is  unchanged,  it  is  con- 
stantly diminishing  from  that  point  up  to  the  point  of  observation, 
without  regard  to  the  effect  of  influent  streams. 

In  the  case  of  a  bursting  reservoir,  the  statements  of  witnesses  are, 
generally,  to  the  effect  that  the  flood  advances  in  the  form  of  a  wall  of 
water.  This  jsheuomenon  is  not  to  be  explained  on  precisely  the  same 
jirinciples  as  the  tidal  bore,  because  the  movement  is  wholly  one  of 
translation,  the  initial  depth  of  the  stream  being  generally  insignificant, 
whereas,  motion  of  translation  cuts  but  a  small  figure  in  the  case  of  the 
bore.  The  action,  in  this  case,  appears  more  analogous  to  that  of  a 
breaking  wave.  Waves  break  on  a  shelving  beach.  They  break  because 
they  have  reached  a  depth  in  which  the  cyclic  movement  constituting 
the  wave  is  no  longer  j^ossible.  The  fluid  mass,  suddenly  freed  from 
cyclic  motion,  moves  forward  under  the  simple  action  of  gravity,  very 
much  as  it  would  if  suddenly  released  from  confinement  by  the  break- 
ing of  a  dam,  the  bottom  retarded  by  the  friction  of  the  ground,  the 
upper  parts  tending  to  outstrip  the  lower,  and  so  combing  over  and 
breaking.  The  movement  rapidly  exhausts  itself  because  it  takes  place 
on  ascending  ground.     If  we  could  conceive  of  its  occurrence  on  de- 
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scending  ground,  with  the  infinite  mass  of  the  ocean  behind  it,  we  could 
assign  no  reason  why  it  shoukl  not  continue  indefinitely. 

In  the  ease  of  a  finite  mass  of  water,  the  breaking  action  would 
exhaust  itself  rapidly  after  the  exhaustion  of  the  supply.  The  depth 
would  diminish  from  the  front  of  the  flood  upstream.  All  parts  of  less 
than  a  certain  depth  would  lag  behind.  The  mass  of  water  would  sim- 
ply strew  itself  along  the  channel,  and  when  the  breaking  action  at  the 
front  was  exhausted,  the  whole  movement  would  jDroceed  as  in  the  case 
of  an  ordinary  freshet  resulting  from  natural  causes. 

Mansfield  Merriman,  M.  Am.  Soc.  C.  E. —  Speaking  the  other 
day  with  a  gentleman  who  has  had  extensive  experience  in  the  loca- 
tion of  railroads  in  our  western  territories,  he  stated  that  the  same 
phenomenon  had  been  observed  by  him  in  caiions.  Often  when  the 
water  was  very  low  in  the  streams,  a  vertical  wall  of  water  would  come 
down,  due  to  a  local  rainfall  several  miles  up  stream  ;  and  this  was  so 
common  an  occurrence  that  in  pitching  tlieir  tents  for  the  night  they 
took  care  to  place  them  so  that  they  would  not  be  carried  away.  His 
description  of  the  vertical  wall  of  water  agrees  with  what  has  been  stated 
of  the  Conemaugh  flood,  that  the  upjoer  portion  of  the  crest  of  the 
wall  of  water  was  of  a  rolling  appearance  ;  as  he  said,  it  resembled  the 
Leads  of  buffaloes  pitching  over. 

The  complete  explanation  of  this  phenomenon  is  doubtless  of  a  very 
complex  character,  being  a  problem  in  the  theory  of  the  non-uniform 
flow  of  water  to  which  the  formula  F=  C-\/RI  on\j  ai)proximately 
applies.  The  paper  of  Mr.  Francis  contains  the  only  algebraic  dis- 
cussion of  the  subject  that  I  have  seen,  and  as  a  general  exj)lanation  it 
is  very  satisfactory. 

Mr.  Francis. — In  the  Conemaugh  flood  the  effect  of  the  break  of 
the  South  Fork  reservoir  dam  was  felt  most  disastrously  in  the  river 
below.  In  one  of  the  early  reports  on  the  reservoir  its  storage  cajDacity 
was  estimated  at  525  000  000  cubic  feet  ;  at  the  time  of  the  break  it  was 
about  8  feet  above  the  level  of  the  wasteway,  which  added  152  000  000 
cubic  feet,  making  the  total  contents  of  the  reservoir  677  000  000  cubic 
feet.  This  all  went  out  out  through  the  breach  in  about  an  hour, 
making  the  average  rate  of  discharge  about  188  000  cubic  feet  per 
second.  Water  was  flowing  into  the  reservoir  from  the  water  shed  at 
the  same  time  at  the  rate  of  8  000  cubic  feet  per  second  ;  this,  of  course, 
was  discharged  wnth  the  storage,  making  the  total  average  discharge 
through  the  breach  about  196  000  cubic  feet  per  second. 

The  breach  was  formed  by  the  water  flowing  over  the  top  of  the  em- 
bankment and  washing  away  the  earth  ;  this  was,  of  course,  done 
gradually.  As  the  breach  enlarged  the  quantity  of  water  discharged 
would  increase  up  to  the  looint  when  the  diminished  height  in  the  reser- 
voir would  so  reduce  the  velocity  as  to  compensate  for  the  increased 
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size  of  the  breacli.  At  this  point  the  discharge  woiild  be  a  maximum.  I 
have  no  means  of  estimating  with  any  i^recision  this  maximum  discharge 
or  the  time  at  which  it  occurred,  but  I  think  it  must  have  been  nearly 
double  the  average  discharge,  certainly  not  less  than  350  000  cubic 
feet  per  second,  and  the  time  about  thirty  minutes  after  the  commence- 
ment of  the  breach,  or  say  at  about  3.15  p.m.,  May  31st.  The  streams 
below  were  in  very  high  flood  at  the  same  time  from  other  water^sheds. 
The  South  Fork  Eiver  from  the  reservoir  to  South  Fork  Railroad 
station,  where  it  joins  the  Conemaugh  River,  is  about  2 J  miles,  and 
the  first  appearance  there  of  the  flood  caused  by  the  break  in  the 
reservoir  dam  was  a  great  wave  through  the  South  Fork,  which  car- 
ried away  the  railroad  bridge  over  the  Conemaugh  at  3.08  p.m.  This 
was  at  least  twenty  minutes  after  the  commencement  of  the  breach,  but 
before  the  discharge  had  reached  a  maximum. 

The  flood  in  the  Conemaugh  River  caused  the  water  to  be  4  to  5 
feet  deep  in  the  lower  streets  of  Johnstown  before  the  South  Fork  wave 
reached  there,  which  was  about  3.56  p.m.  or  about  one  hour  and  eleven 
minutes  after  the  commencement  of  the  breach  in  the  dam  and  about 
forty-one  minutes  after  the  discharge  had  reached  its  maximum  as  esti- 
mated above.  The  distance  by  the  river  from  the  dam  to  Johnstown  is 
about  13  miles  and  the  descent  about  380  feet.  If  the  first  wave  at  Johns- 
town corresponded  to  the  maximum  discharge  at  the  broken  dam  it 
traveled  at  the  rate  of  about  19  miles  an  hour. 

Mr.  Thomas  P.  Roberts,  Chief  Engineer  of  the  Monongahela  Navi- 
gation Company,  has  endeavored  to  ascertain  the  time  when  the  flood 
from  the  South  Fork  reached  Johnstown,  and  informs  me  that,  "as  is 
to  be  expected,  the  statements  are  conflicting  as  to  time,  depending  on 
the  location,  i.  e.,  distance  up  or  down  the  stream,  with  reference  to  the 
railroad  station  at  Johnstown,  accuracy  of  the  clocks  and  watches  at  the 
moment  of  stopi^ing,"  etc.  W.  S.  Jarboe,  M.  E.,  member  of  our  local 
society  of  engineers,  tells  me  that  he  saw  at  least  twenty  clocks  and 
watches  which  had  been  stojoped  by  the  flood,  and  he  made  special 
inquiry  on  this  point,  and  I  rely  chiefly  on  his  statement. 

The  time  of  the  flood,  i.  e.,  when  it  had  reached  a  height  sufHcient  to 
overturn  houses  in  Johnstown,  opposite  the  Pennsylvania  Railroad 
depot  (which  point  is  more  than  a  mile  below  the  beginning  or  upper 
end  of  the  built-up  part  of  the  town  traversed  by  the  flood),  was  just 
about  3.56  p.m..  May  31st. 

I  think  the  time  occupied  by  the  water  in  rising  to  such  a  height  in 
the  case  of  the  majority  of  the  structures  was  not  more  than  two 
minutes,  if  indeed  so  much.  The  time  at  which  the  flood  reached  its 
maximum  height  at  Johnstown  would  bo  difficult  to  learn.  I  think 
most  of  the  houses  were  gone  before  the  full  height  was  reached,  as  this 
was  the  first  wide  expanse  of  the  water ;  the  first  or  violent  efiect 
passed,  it  rose  more  gradually  to  the  maximum  height.     The  railroad 
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bank  and  the  stone  bridge  acted  as  a  dam,  converting  tlic  entire  area  into 
a  lake,  through  which,  however,  swept  very  powerful  cnrrcnts,  creating 
the  "whirlpool"  mentioned  by  so  many  witnesses. 

All  the  evidence  appears  to  agree  in  the  statement  that  the  flood 
advanced  down  the  valley  with  quite  a  head,  as  much  as  10  feet,  I 
imagine — most  of  the  eye-witnesses  assert  that  no  water  was  visible  in 
the  advance  of  the  wave  (I  now  refer  to  the  valley  above  the  town) — but 
simjily  a  moving  mass  of  tree  trunks,  logs,  etc.,  "boiling  up  "  violently, 
and  "producing  a  cloud  of  spray." 

The  Conemaugh  flood  differs  from  the  case  contemplated  in  the 
paper,  being  complicated  by  the  great  flood  from  other  sources  than 
the  breach  in  the  dam,  but  although  no  doubt  much  modified,  there 
does  not  apjaear  to  have  been  anything  observed  which  conflicts  with 
the  principles  discussed  in  the  j^aper. 

The  problem  in  a  more  general  form  would  be  to  find  the  velocity  V, 
after  a  given  time  if  R  increases  uniformly  or  according  to  some  other 
law,  but  I  have  been  unable  to  resolve  it  into  this  form. 
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AMERICAN    RAILROAD   BRIDGES. 


H.  D.  Bush,  M.  Am.  Soc.  C.  E. — 1.  Historical. — Mr.  Cooper's  valu- 
able paper  on  American  Railroad  Bridges  should  liave  as  complete  a 
discussion  as  possible.  The  difficulty  of  getting  facts  concerning  the 
historical  portion  of  this  subject  will  increase  rapidly  as  time  goes  on. 
I  should  not  be  faithful  to  my  native  city  if  I  did  not  call  attention  to 
the  work  done  in  Springfield,  Mass. ,  in  the  development  of  the  Ameri- 
can bridge. 

Springfield,  on  the  banks  of  the  Connecticut  River,  in  the  direct  line 
of  travel  from  Boston  to  the  West,  was  one  of  the  first  places  having  a 
large  bridge.  This  was  built  in  1805  (Mr.  Cooper  refers  to  it  as  being 
built  by  a  Mr.  Walcott),  and  consisted  of  six  arches,  which  must  have 
been  of  nearly  200  feet  span. 

The  travel  was  said  to  be  "  neither  on  the  bottom  or  to])  chord,  but 
ascending  and  descending  with  the  curve  of  the  arches  on  each  span." 
This  bridge  failed  in  July,  1814,  by  crii^pling  of  the  arches. 

In  1816  a  Burr  truss  bridge  was  built  on  this  site  by  Captain  Isaac 
Damon,  of  Northampton,  Mass.,  "a  man  of  great  capacity  for  construc- 
tion and  superior  workmanshii)." 


*  American  Eailroad  Bridges,  by  Theodore  Cooper,  Transactions,  Vol.  XXI,  No.  418, 
July,  1889. 
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This  bridge  consists  of  six  spans  of  about  100  feet  each,  and  three  of 
180  feet  each,  total  length.  There  ai-e  three  trusses,  the  center  one 
having  two  arches  side  by  side.  This  bridge  is  still  in  use,  and  carrying 
two  horse-railway  tracks  in  addition  to  ordinary  travel. 

About  1881  a  5-foot  sidewalk  was  added  on  the  outside  of  the  south- 
ern truss,  this  truss  being  strengthened  by  the  addition  of  a  Towne  or 
jilank  lattice  truss  bolted  to  it.  This  bridge  bids  fair  to  outlast  the 
present  century. 

William  Howe,  the  inventor  of  the  Howe  truss,  lived  at  Warren, 
Mass.,  and  came  to  Springfield  in  1840,  when  Amasa  Stone  and  D.  L. 
Harris  formed  a  firm  to  build  bridges  under  Howe's  patent.  This  was 
probably  the  first  bridge-building  firm  in  the  United  States  organized 
practically,  as  our  bridge  companies  are  now,  with  an  office  force  of  con- 
tracting agents,  draughtsmen,  etc.  (a  shop  turning  out  iron-work),  and 
a  corps  of  experienced  erection  men.  From  this  parent  firm  in  Spring- 
field there  branched  out,  as  bridge  builders,  Joseph  Stone  in  Eastern 
New  England,  Daniel  Stone  in  the  Middle  States,  A.  B.  Stone  and  L.  B. 
Boomer  in  Chicago,  Thacher,  Burt  &  McNary  in  Ohio,  and  A.  L.  Max- 
well in  Knoxville,  Tenn. 

Of  the  original  firm  Amasa  Stone  went  to  Cleveland,  Ohio,  where,  as 
President  of  the  Lake  Shore  Railroad,  he  had  the  Ashtabula  Bridge 
constructed,  and  D.  L.  Harris  became  President  of  the  Connecticut 
Eiver  Railroad.  The  original  firm  has  been  succeeded  by  Harris  & 
Briggs;  Harris  &  Hawkins;  Hawkins,  Herthel  &  Burrall  and  R.  F. 
Hawkins,  who  now  is  building  iron  bridges  near  the  site  of  the  original 
shop  in  Springfield. 

Of  the  early  bridges  built  by  this  firm,  two  deserve  special  notice. 
One  crossed  the  Connecticut  River  at  Springfield,  carrying  what  is  now 
the  Boston  and  Albany  Railroad,  and  consisted  of  seven  spans  of  180 
feet  each  of  double  intersection  Howe  trasses.  This  was  the  first  Howe 
truss  railroad  bridge  ever  built,  and  was  replaced  by  a  more  modern  Howe 
truss  of  single  inter.-^ection  form  in  1855.  This,  in  its  turn,  was  replaced 
in  1873  by  the  double  track  riveted  bridge,  to  which  Mr.  Cooper  has  re- 
ferred. The  widening  of  the  old  piers  for  a  double  track  bridge  pre- 
sented some  difiiculties  which  were  met  by  a  new  departure  in  coffer 
dams,  designed  by  Mr.  Burrall,  of  Hawkins  &  Burrall  (now  consulting 
engineer  for  Mr.  Hawkins),  and  described  by  him  in  Van  Nostrand's 
magazine  at  that  time. 

The  second  bridge  was  one  of  two  spans  of  about  260  feet  each,  at 
Bellows  Falls,  Vt.  These  were  Howe  trusses,  strengthened  with  arches, 
and  though  probably  the  longest  railroad  spans  of  the  kind  ever  built, 
were  in  use  under  the  very  considerable  traffic  at  this  junction  point  of 
several  railroads  until  1882,  when  they  were  replaced  by  two  riveted 
lattice  spans  of  the  same  length. 
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The  Springfield  bridge  builders  early  turned  their  attention  to  iron 
bridges,  and,  in  184:9,  constructed  an  iron  Howe  truss  bridge  of  double 
track  for  the  Boston  and  Providence  Railroad.  This  bridge  was 
of  about  50  feet  span.  The  brace  and  counterbrace  of  each  panel 
were  cast  together  in  one  piece,  and  were  of  cruciform  cross-section. 
The  bottom  chord  was  made  of  flat  iron,  with  a  peculiar  form  of  joint, 
shown  with  other  details  of  construction  in  accompanying  drawing. 
(Plate  XCI.) 

In  1866  the  Herthel  Parabolic -Truss  was  patented  by  George  P. 
Herthel,  of  Hawkins,  Herthell  &  Burrall.  Mr.  Herthel  was  an  able 
engineer,  educated  at  Carlsruhe,  and,  in  this  truss,  used  cast-iron  to  the 
best  advantage.  Though,  at  this  date,  wrought-iron  bridges  were  com- 
ing into  general  use,  it  must  be  remembered  that  this  material  was  very 
expensive  in  New  England,  and  credit  should  be  given  to  men  who  tried 
to  use  cast-iron  intelligently.  Many  bridges  of  the  original  Herthel 
truss  or  its  modifications,  with  straight  top  chord,  made  by  engineers 
William  H.  Biarrall  and  Phelps  Johnson,  of  the  Springfield  works,  were 
built.  The  accompanying  photograph  (Plate  XC)  shows  one  of  the 
original  bridges  still  in  use  after  twenty-one  years  continuous  service 
on  a  side  track  of  the  Connecticut  River  Railroad  over  the  entrance  to 
Hampden  Park  in  Springfield. 

2.  Typical  American  Bridges. — The  ancient  discussion  concerning 
Ijin-connected  and  riveted  trusses  was  called  American  vs.  English 
bridges.  Mr.  Cooper  recognizes  that  there  has  been  a  distinctive 
American  practice  in  the  building  of  riveted  bridges,  but,  I  think,  does 
not  give  the  builders  of  these  bridges  sufficient  credit  in  the  evolution 
of  our  modern  bridge.  He  acknowledges  the  excellence  of  the  early 
riveted  trusses,  beginning  in  1859,  and  I  think  any  person  who  looks 
into  the  matter  carefully,  must  acknowledge  that,  until  within  the  last 
few  years,  the  average  riveted  structure  has  been  as  good,  if  not  better, 
than  its  contemporaneous  pin  bridge.  This  is  especially  evident  when 
we  consider  what  a  large  j^ercentage  of  the  early  pin  bridges  were  con- 
structed of  "forms  requiring  cast-iron  joint  boxes,  now  obsolete,"  and 
that  nearly  all  of  them,  so  great  was  the  confidence  in  their  theoretical 
perfection,  were  made  excessively  light  throughout,  to  say  nothing  of 
their  defective  details,  as  for  instance,  unstiflfened  end  panels  and  defi- 
cient lateral  systems  attached  to  hanging  floor-beams. 

The  railroads  buying  riveted  bridges  have  always  insisted  on  heavy 
work.  In  1880  the  Boston  and  Albany  Railroad's  specifications  pre- 
scribed a  load  of  3  000  pounds  jier  foot  with  excess  loads  from  heavy 
engines,  and  allowing  a  tensional  strain  of  only  7  500  pounds  per  square 
inch  of  net  section.  The  Bellows  Falls  riveted  spans  were  figured  for  a 
load  of  2  750  pounds  per  foot  (with  customary  engine  excess  loads),  while 
a  year  or  two  later  a  much  more  important  bridge,  the  Niagara  Canti- 
lever, supposed  to  be  an  example  of  the  best  j^ractice  in  pin  bridges. 
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was  designed  for  a  load  of  only  2  000  pounds  per  foot,  headed  by  com- 
jjaratively  light  engines. 

In  spite  of  its  stiffness,  which  we  used  to  be  told  was  "no  indica- 
tion of  strength;"  in  spite  of  the  evil  drift  pin,  and  the  fact  that  "even 
the  fiercest  inspector  cannot  keep  every  hole  and  rivet  before  him,"  riv- 
eted bridges  have  continued  to  stand  up  well  under  their  work,  and  the 
loads  of  abuse  heaped  upon  them.  The  late  very  extensive  alterations 
made  on  the  Springfield  Bridge  of  the  Boston  and  Albany  Railroad 
failed  to  reveal  the  existence,  to  any  appreciable  extent,  of  any  of  the 
evils  supposed  to  be  inherent  in  this  form  of  bridge;  and  the  fact 
remains  that  the  skilled  riveters  and  heaters  employed  by  the  firms 
building  riveted  bridges  exclusively,  invariably  do  better  field  riveting 
than  the  comparatively  unskilled  gangs  of  "climbers"  and  laborers 
usually  used  in  doing  the  very  considerable  amount  of  riveting  in  the 
modern  pin  bridge. 

However,  though  the  writer's  first  work  was  on  riveted  bridges,  and 
though  he  now  happens  to  be  building  fourteen  spans  of  riveted  rail- 
way bridges,  all  of  over  200  feet  each,  and  in  which  all  comi^ression 
joints  are  faced,  and  work  so  laid  out  that  separate  members  can  be 
carefully  inspected  as  to  length  and  accuracy  of  workmanship,  he  is 
willing  to  acknowledge  that  in  designing  for  the  heavy  loads  of  present 
specifications,  the  best  type  of  the  modern  pin  bridge  is  superior  to  any 
riveted  bridge  in  sj^ans  of  over  about  125  feet,  or  say  100  feet  in  double- 
track  bridges. 

But  it  must  be  remembered  that  the  modern  pin  bridge  owes  much 
of  its  excellence  to  the  adoption  of  features  formerly  condemned  in  the 
riveted  bridge. 

Floor-beams  are  now  almost  universally  riveted  to  the  j^osts  calling 
for  much  field  riveting  in  important  "  joints,"  and  giving  rise  to  a  cer- 
tain amount  of  ambiguity  of  strain;  stiffened  or  riveted  end  lower 
chords  and  collision  struts  are  used,  and  the  old-fashioned  angle-iron 
lateral  bracing  of  the  riveted  bridge  is  coming  into  general  favor — even 
Mr.  Coojicr  now  specifying  that  "preference  will  be  given  to  lateral 
bracing  in  the  floor  system,  which  is  capable  of  resisting  both  com- 
pression and  tension." 

The  old  bugbear  of  the  riveted  bridge  now  applies  with  double 
force,  for  the  reasons  above  given,  to  the  modern  pin  bridge.  This  is 
the  uncertainty  of  hand  riveting  in  erection  work,  and  the  writer  does 
not  understand  why  "  the  engineers  acting  for  the  railway  comi)anies  " 
have  not  si)ecified  that  the  bulk,  at  least,  of  this  riveting  should  be 
done  by  power,  instead  of  by  hand,  and  is  confident  that  American  inge- 
nuity would  soon  produce  machines  capable  of  doing  this  work  well 
and  cheaply. 

3.  The  M(t)iu/actui-e  of  Bridr/es. — Mr.  Cooper's  description  of  an  Ameri- 
can bridge  shop  might  be  misleading  to  one  not  familiar  with  o\ir  lead- 


DISCUSSION    OX   AMERICAN    RAILROAD    BRIDGES.  571 

ing  works,  aud  leave  the  iini:)res8iou  that  seven  or  eight  different  shojjs 
were  generally  used.  All  work,  except  forging  and  lathe  and  planer 
work,  is  generally  done  under  one  roof.  In  at  least  one  shop,  that  of 
the  Dominion  Bridge  Company  (Limited),  sisecially  built  by  an  Ameri- 
can engineer  for  the  manufacture  of  American  bridges,  all  iron  work  is 
done  under  one  roof,  there  being  a  separate  shop  for  template  making 
only. 

In  the  various  departments  which  Mr.  Cooper  names  there  are  likely 
soon  to  be  many  changes.  In  the  straightening  department,  even  at 
this  late  date,  plates  are  generally  subjected  to  the  barbarous  i^rocess  of 
hammering  aud  "  peaning,"  instead  of  being  straightened  both  sideways 
and  edgeways  by  the  rolling  process  in  use  by  the  Dominion  Bridge 
Company,  and  now  adopted  by  one  only  of  the  new  American  shops. 

In  the  rivet  shop,  launching  and  reaming  in  "high"  steel  work  is 
likely  soon  to  be  superseded  by  drilling  from  the  solid.  At  least  one 
of  our  leading  engineers  is  about  ready  to  call  for  this  in  his  specifica- 
tions, and  some  of  the  manufacturers  are  in  favor  of  it. 

This  will  at  least  j^revent,  in  this  class  of  material,  the  use  of  ques- 
tionable processes  of  straightening  angles  curved  by  punching. 

In  the  manufacture  of  eye-bars  a  good  deal  of  success  has  been  ob- 
tained with  rather  crude  processes  and  roundabout  methods.  However, 
no  shop  is  now  ready  to  make  the  largest  bars  now  called  for,  and  one 
of  our  leading  shops  has  lately  been  comijelled  in  the  long  and  very 
heavy  span  of  the  Wheeling  Bridge  to  adopt  the  somewhat  doubtful 
expedient  of  the  use  of  two  lower  chords,  one  above  the  other. 

The  probability  is  that  with  increasing  develoiament  and  cheaper 
money  such  very  heavy  long-span  bridges  as  are  now  building  and 
talked  of  will  become  more  and  more  frequent,  and  the  probable  general 
use  of  steel  will  call  for  a  considerable  remodelling  of  our  bridge  shops. 
More  capital  will  have  to  be  employed,  and  more  shop  capacity  used  to 
keep  up  the  present  outiJut,  to  say  nothing  of  increasing  it. 

In  short,  the  complete  history  of  the  American  Bridge  cannot  now 
be  written. 

We  are  now  at  the  opening  of  one  of  the  most  interesting  chapters, 
and  there  is  still  great  need  of  the  ingenuity  and  energy  of  the  pioneers 
to  whom  Mr.  Cooper  pays  such  high  tribute. 

J.  H.  Cunningham,  M.  Am.  Soc.  C.  E. — May  I  say  that  as  an  English- 
man, I  hope  many  English  engineers  will  read  Mr.  Cooper's  description 
of  modern  American  practice  in  bridge  building,  and  his  remarks  on 
"Bridge  Failures,"  for  I  believe  that  what  he  has  written  may  clear 
away  prejudices  against  pin-connected  work  and  misunderstandings  as  to 
what  it  really  is,  which  at  present  sometimes  prevent  its  adoj^tion  in 
circumstances  in  which  it  might  be  used  with  great  advantage. 

The  year  1852  may,  I  think,  be  regarded  as  an  epoch  in  the  history  of 
bridge  building,  both  in  America  and  in  England.  Mr.  Cooper  tells  us  that 
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iu  America,  about  that  time,  the  bridges  designed  by  Messrs.  Fink  and 
Bollman  first  came  into  nse,  and  the  earliest  Pratt  and  Whipple  trusses 
were  built.  About  the  same  time,  in  England,  Mr.  Brunei  completed  his 
bridge  across  the  Wye,  at  Chepstow  (Plate  XCII).  This  was  a  striking 
departure  from  the  tubular  system,  which,  at  that  time,  had  recently 
been  introduced  with  much  success.  Mr.  Brunei  reduced  the  diameter 
of  the  tube  so  that  it  formed  the  top  boom  of  a  truss  which  he  divided 
into  three  panels,  each  100  feet  in  length.  The  only  descrii^tion  of  this 
bridge  which  I  know  of  is  to  be  found  in  the  life  of  Brunei,  published 
by  Longmans,  but  its  details  are  very  similar  to  those  of  the  Saltash 
(Royal  Albert),  drawings  of  which  are  given  in  Humber's  work.  The 
Saltash  bridge  was  opened  in  1859.  It  has  two  spans  of  455  feet,  and 
the  track  is  carried  by  main  parabolic  (Pauli)  trusses,  56  feet  deep, 
divided  into  ten  panels  of  39  feet  4  inches,  and  two  of  28  feet  6  inches. 
The  tension  members  are  fiat  bars  7x1  inch,  connected  to  pins  4|  inches 
diameter.  Thus  long  panels,  flat  eye-bars  rolled  in  one  piece,  and  pins 
were  introduced  in  England  more  than  thirty-five  years  ago.  Brunei  died 
a  few  months  after  the  completion  of  this  work,  and  unfortunately  the 
line  he  struck  out  in  these  large  bridges  was  not  followed  up.  Short 
panel  trusses  of  moderate  depth  fully  riveted  became  fashionable  in 
England,  and  continue  in  vogue,  though  in  recent  years  there  has  been 
a  tendency  toward  longer  bays  and  greater  dej)ths. 

John  Sterling  Deans,  M.  Am.  Soc.  C  E. — I  have  read  with  much 
pleasure  Mr.  Cooper's  pajser  iipon  '*  American  Railroad  Bridges,"  and 
particularly  that  portion  in  which  he  so  ably  presents  the  merits  of 
"American  Designs."  As  Mr.  Cooper  there  emphasizes,  the  final  erec- 
tion of  the  structure  must  always  be  kept  in  view,  from  the  skeleton 
diagram  through  all  the  details  of  connection.  It  is  this  facility  of 
erection,  in  addition  to  reducing  the  ambiguity  of  strains  to  a  minimum, 
to  which  the  American  pin-connected  truss  owes  its  jjopularity  among 
bridge  engineers.  As  an  instance  of  rapid  erection,  considering  the 
magnitude  of  the  structure  and  great  size  and  weight  of  individual 
pieces,  the  erection  of  the  channel  span  of  the  Ohio  Ri-ver  Bridge,  at 
Cincinnati,  by  the  Phoenix  Bridge  Company,  in  1888,  and  to  Avliich  Mr. 
Cooper  calls  attention  as  the  longest  and  heaviest  pin-truss  span  in 
existence,  is  believed  to  be  the  greatest  feat  yet  accomplished  in  bridge 
construction.  This  whole  structure,  of  over  a  mile  in  length  of  double 
track  and  double  roadway,  containing  novel  and  interesting  points,  will, 
no  doubt,  form  the  subject  of  a  paper  to  be  presented  to  the  Society  in 
the  near  future.  But  it  seemed  approj^riate  to  add  this  one  item  of  the 
channel  span  erection  to  the  discussion  of  Mr.  Cooper's  paper.  As  is 
well  known,  the  false  work  under  this  span  was  washed  out  clean  on 
August  2Gtli,  1888;  the  Phcenix  Bridge  Company  losing  complete  false 
work,  traveler  completely  rigged,  and  thirteen  panels  of  floor  of  new 
s^xin,  6-50  000  pounds.     The  company  immediately  put  themselves  in 
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correspondence  with  lumber  comi^anies  throiigliout  the  country,  and  in 
just  five  weeks,  bj  the  greatest  effort,  and  working  continuously  by  aid 
of  electric  light  at  night,  had  received  and  driven  1  200  piles  50  feet 
long,  framed  and  erected  550  feet' of  false  work  85  feet  high,  containing 
700  000  feet  B.M.  of  lumber;  sheathed  and  braced  1  000  lineal  feet  of 
pile  protection;  framed,  erected  and  rigged  a  traveler  114  feet  high,  55 
feet  wide,  65  feet  long.  In  the  meantime  shops  had  replaced  the  lost 
iron  of  floor,  and  the  first  iron  was  run  out  September  30th,  at  11  a.m., 
and  the  span  was  swinging  October  30th.  During  this  time  there  was  a 
loss  of  four  days  owing  to  heavy  rains.  This  sj^an  is,  for  double  track 
and  double  highways,  545  feet  long,  84  feet  deep,  30  feet  center  to  center 
trusses,  65  feet  center  to  center  sidewalk  railings,  and  weighs  3  800  000 
pounds.  When  it  is  remembered  that  when  this  span  was  swung,  it 
was  complete  (except  roadway  brackets)  and  in  working  order  and 
carried  trains  twenty  minutes  afterwards,  all  eye-bars,  bracing,  laterals 
and  struts  in  position,  it  must  be  acknowledged  that  it  reflects  great 
ci'edit,  not  alone  on  the  engineering  firm  who  designed  and  built  the 
great  span  wpon  the  very  latest  and  best  single  intersection  American 
pin-connected  plan,  but  also  upon  the  American  workmen  whose  skill 
and  energy  made  such  a  record  possible. 

"WiLLiAii  E.  HoxT,  M.  Am.  Soc.  C.  E. — One  jjoint  that  Mr.  Cooper 
makes  in  his  paper  might,  perhaps,  be  treated  a  little  more  fully.  It  is 
that  well-designed  and  well-built  pin-connected  bridges  are  quite  as 
capable  of  withstanding  sudden  shocks,  resulting  from  derailments  or 
collisions,  as  those  of  the  riveted-lattice  type.  Since  testimony  to  the 
contrary  has  been  given  by  other  writers,  it  might  be  well  for  some  of 
lis  who  have  had  experience  in  these  matters  to  support  Mr.  Cooper's 
argument  by  evidence  in  its  favor. 

I  am  able  to  recall  a  considerable  number  of  serious  derailments  on 
bridges  that  have  been  under  my  care,  and  at  least  two  collisions  that 
happened  in  through  bridges.  From  a  careful  consideration  of  the 
results  of  the  accidents  that  have  come  under  my  observation,  I  am  con- 
vinced that  pin-connected  bridges  have  invariably  withstood  such 
extraordinary  strains  fully  as  well  as  the  riveted-lattice  forms.  In  one 
instance,  particularly,  it  seems  almost  certain  that  the  accident  would 
have  caused  more  serious  damage  to  the  structure  if  it  had  happened  on 
a  riveted  lattice  instead  of  a  pin-connected  bridge.  In  this  case,  a 
freight  train  was  thrown  entirely  through  the  web  of  one  truss,  bending 
an  intermediate  post  and  the  suspension  bars.  The  shock  knocked  one 
end-post  also  clear  from  the  shoe,  so  that  the  bottom  of  the  broken 
post  stood  on  the  masonry,  and  yet  the  bridge  in  this  condition  carried 
trains  for  some  hours  afterwards.  It  was  a  light  structure  of  its  kind, 
without  any  special  merits  of  design  or  construction. 

If  testimony  of  thi^  kind  is  needed  to  prove  the  stability  of  the  so- 
called  "  American  type  "  of  railroad  bridges,  let  us  have  more  examples. 
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Major  O.  E.  Michaelis,  M.  Am.  Soc.  C.  E. — The  acknowledged  re- 
pute of  the  author  and  its  own  iutrinsic  merits  will  undoubtedly  give 
this  pai^er  in  coming  years  the  weight  of  accurate  history,  and  I  trust  Mr. 
Cooper  will  jDardon  me  if  I  call  his  attention  to  a  matter  which  he  has 
very  modestly  omitted  to  dwell  upon— a  matter  which  concerns  one  of 
the  most  interesting  periods  in  American  bridge  building,  and  which 
should  certainly  have  mention  in  this  paper.  I  allude  to  the  remark- 
able work  done  by  our  bridge  engineers  during  the  war;  and  in  this 
connection  the  name  of  one  of .  the  most  prominent  and  regretted 
members  of  our  Society  deserves  to  be  recorded.  I  allude  to  Colonel 
W.  W.  Wright,  who  was  General  Sherman's  chief  bridge  engineer  in  his 
march  from  Chattanooga  to  Atlanta.  I  especially  recall  the  rebuilding 
of  the  very  long  bridge  over  the  Chattahoochie  River.  Colonel  Wright 
put  that  bridge  up  in  eighty-four  hours,  in  the  very  presence  of  the 
enemy.  I  trust  that  Mr.  Cooper,  in  the  revision  of  his  paper,  will  say 
something  regarding  the  work  of  our  deceased  member,  a  man  who  died 
in  sickness  and  jienury,  unknown  to  the  friends  who  would  have  ten- 
derly nursed  and  eared  for  him,  yet  whose  name  deserves  to  be  jjlaced 
upon  every  soldier's  monument  from  Maine  to  California. 

Theodoke  Coopek,  M.  Am.  Soc.  C.  E. — Some  years  ago  I,  by  deputy, 
sought  to  collect  a  great  deal  of  the  bridge  history  of  the  war,  and  it 
was  surprising  how  little  I  succeeded  in  getting.  If  Major  Michaelis 
w'ill  exert  his  influence  in  that  direction,  I  think  he  could  make  a 
very  interesting  paper,  but  in  the  rush  of  the  war  the  records  of  such 
things  pass  into  tradition.  Mr.  Stauifer,  at  my  suggestion,  some  two  or 
three  years  ago,  endeavored  by  correspondence  to  secure  some  records  of 
bridge  biiilding  performed  by  our  army,  and  utterly  failed.  If  Major 
Michaelis  can  reach  them,  however,  they  would  be  very  valuable  to  have. 

J.  EiiFKETH  Watktns,  Assoc.  Am.  Soc.  C.  E. — I  have  been  particularly 
interested  in  the  paper  which  has  just  been  4*ead  to  the  Society  by  Mr. 
Cooi^er.  In  the  section  of  Transportation  and  Engineering  in  the 
National  Museum  which  is  under  my  chai'ge  we  are  making  an  effort  to 
pi'eserve  the  history  of  transportation  by  locomotive  and  steamboat,  and 
in  the  models  and  drawings  and  originals  that  we  have  there  we  are 
attemi:)ting  to  make  some  advance  upon  what  is  done  at  the  Patent 
Museum  at  South  Kensington,  the  Conservatoire  des  Arts  et  Metiers  at 
Paris,  or  the  Naval  Museum  at  Venice,  where  similar  objects  are  exhib- 
ited more  as  ciiriosities  or  relics.  As  some  of  you  perhaps  know,  we  are 
attempting  to  arrange  these  objects  so  that  Ave  shall  be  able  not  only  to 
l)i-eserve  their  history,  but  to  show  the  progress  of  thought  from  time 
to  time.  We  are  especially  deficient  in  matters  relating  to  bridge  Avork; 
in  fact,  our  collection  so  far  is  only  a  nucleus;  for  this  reason  I  have  been 
greatly  interested  in  hearing  this  paper  read,  and  shall  take  pleasure 
in  preserving  the  illustrations  in  our  tiles. 
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George  H.  Pegram,  M.  Am.  Soc.  C.  E. — The  concise  history  and 
statistics  of  American  Lridge  development  presented  in  this  pai)er  must 
be  of  great  interest  and  value  to  all  engineers.  The  author's  long 
experience  and  wide  and  intimate  acquaintance  with  the  engineers  and 
engineei-ingof  the  country  have  peculiarly  fitted  him  for  the  prei^aration 
of  such  a  paper. 

In  submitting  a  few  ideas  at  variance  with  some  of  the  views 
expressed,  I  would  not  be  misconstrued  into  a  want  of  a^jpreciation  of 
what  has  been  done  for  us,  or  as  descending  from  the  high  i)lane  of  the 
jjaper  to  the  consideration  of  a  few  details  of  minor  imiiortauce;  but  it 
is  such  occasions  as  the  discussion  of  this  paper  that  one  must  take  to 
bring  himself  into  line  with  his  fellow  workers. 

Live  Load. — In  my  discussion  of  a  paper  by  Mr.  Joseph  M.  Wilson, 
M.  Am.  Soc.  C.  E.,  on  "Specifications  for  Strength  of  Iron  Bridges," 
Transactions  of  the  Society  for  June,  188C,  I  showed  that  a  uniform  load 
in  combination  with  a  single  concentrated  load  would  give  all  of  the 
results  obtained  by  the  use  of  the  engine  loading  with  substantial  exact- 
ness. 

Examples  were  given  of  spans  from  8  to  400  feet  girders  ;  and  single 
and  double  intersection  trusses,  with  a  variety  of  panel  lengths  suffi- 
cient, it  was  thought,  to  place  the  question  of  the  entire  equivalence  of 
the  two  loadings  beyond  dispute. 

The  severity  of  the  test  was  increased  by  the  requirement  of  Mr. 
Wilson's  specifications  that  the  maximum  strains  from  three  different 
classes  of  engines  should  be  taken. 

This  requirement  was  made  by  Mr.  Wilson  to  cover  the  greater  con- 
centration of  weights  on  the  wheels  of  some  tank  and  i)assenger  engines. 
If  he  had  gone  a  step  further  and  required  different  positions  of  these 
engines  with  reference  to  each  other  and  to  the  train  he  would  have 
represented  still  more  accurately  the  loading  to  which  his  bridges  were 
subjected.  Such  a  condition  would,  however,  be  proscribed  on  account 
of  the  complexity  of  the  specifications  and  large  amount  of  labor 
required. 

It  is,  therefore,  claimed  that  the  proposed  loading  through  practi- 
cally representing  an  average  of  all  of  the  combinations  of  loadings  gives 
more  accurate  results  than  the  engine  loading  si^ecifled,  and  since 
through  its  use  the  strains  can  be  determined  in  about  one  quarter  of 
the  time  ordinarily  taken  when  only  one  class  of  engine  is  specified,  its 
general  use  would  seem  desirable.  In  still  other  resjiects  it  is  better  in 
insuring  the  same  results  by  all  calculators,  being  indejjendent  of 
l^repared  tables  and  diagrams,  and  allowing  a  choice  of  finding  the 
strains  by  either  the  analytical  or  graphical  method  with  equal  con- 
venience. 

From  the  table  (No.  1)  given  by  Mr.  Cooper,  showing  the  increase  in 
the  live  load  for  the  jDast  seventeen  years,  we  see  that  if  we  allow  six 
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months  for  the  time  from  the  commencement  of  calculations  to  the 
comj)letion  of  a  bridge,  the  loading  will  have  increased  in  the  time  3 
Ijer  cent.  If  we  further  consider  that  the  bridge  will  last  twenty  years, 
in  which  time  the  load  will  have  increased  120  per  cent. ,  and  should  last 
a  hundred  years  except  for  this  growth  of  the  load,  there  would  seem 
to  be  little  excuse  for  the  refinement  to  which  some  calculations  are  taken, 
especially  when  based  upon  one  of  many  reasonable  assumj)tions  with 
regard  to  the  load. 

I  would  suggest  now  that  a  still  further  advance  be  made  by  making 
the  relations  between  the  uniform  and  concentrated  loads  such  that  the 
effects  of  impact  shall  be  included. 

Impact  is  known  to  vary  with  the  length  of  train  motion  through 
which  a  member  receives  its  maximum  stress.  It  is  a  custom  with  some 
engineers  to  provide  for  it  by  a  sliding  scale  of  percentages  to  be  added 
to  the  stresses  produced  by  the  load  considered  as  static.  With  some 
others  it  is  the  custom,  instead,  to  vary  the  unit  stresses.  Both  of 
these  methods  involve  a  complication  and  inexactness  which  can,  it 
seems,  be  avoided  in  the  manner  proposed. 

As  actual  cases  are  most  satisfactory  in  such  a  discussion,  I  shall 
illustrate  the  point  by  the  Erie  loading  of  1879.  This  loading  is  so 
much  out  of  date  that  the  results  can  be  of  little  use,  except  for  illustra- 
tion, but  it  will  be  a  more  satisfactory  test  because  the  difference  between 
the  average  weight  of  the  engines  and  that  of  the  train  is  much  greater 
than  in  subsequent  loadings,  making  it  rather  more  difficult  to  ap- 
proximate with  a  uniform  load,  and  also  because  Mr.  Cooper  has  given 
some  tables  for  this  loading  with  which  it  will  be  interesting  to  compare. 

I  would  i^ropose  in  lieu  of  the  Erie  loading,  and  as  containing  pro- 
vision for  impact,  a  uniform  load  of  2  400  pounds  per  foot,  combined 
with  a  concentrated  load  of  40  000  pounds,  the  concentrated  load  being- 
placed  at  that  point  which  will  give  the  maximum  stress  in  the  member 
under  consideration.  A  concentrated  load  passing  over  the  length  of 
the  sj)an  is  equivalent  to  a  uniformly  distributed  load  of  double  the 
amount,  and  hence  the  flanges  of  girders  and  the  chords  of  trusses  will 
be  figured  for  a  total  uniformly  distributed  load  of  2  400  aS'  +  80  000,  S 
being  the  sj^an;  and  the  web  stresses  of  trusses  by  adding  40  000  pounds 
to  the  common  panel  load  at  the  end  of  the  train  and  backing  it  off  the 
span  in  the  usual  manner. 

In  this  latter  it  is  assumed  that  the  uniform  load  will  extend  over  the 
panel  in  front  of  the  concentrated  load,  and  the  half  panel  load  at  the 
advance  panel  point  shall  be  neglected,  a  condition  in  favor  of  simplicity 
and  involving  no  error  when  it  is  an  understood  feature  of  the  calcula- 
tions. 

The  following  table  (No.  1)  gives  a  comparison  of  the  proposed  load- 
ing with  the  approximate  equivalent  loads  given  by  Mr.  Cooper  for  the 
Erie  loading. 
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Let  us  consider  this  table.  In  the  columns  for  moments  the  high 
percentages  for  impact  in  spans  under  30  feet  will  provide  for  the  greater 
concentrations  and  speeds  of  passenger  and  tank  engines.  They  agree 
Avell  with  current  practice.  The  percentages  for  double  shears  conform 
exactly  with  those  for  moments;  thus  for  a  10  feet  sjian  the  jiercentage 
should  be  for  a  train  motion  of  20  feet,  which  it  is.  Double  shears  over 
100  feet  would  be  of  no  practical  use,  except  for  loadings  on  jjiers, 
where  the  engines  should  be  assumed  to  be  preceded  as  well  as  followed 
by  cars,  in  which  case  the  proposed  loading  would  be  exact. 

Mr.  Cooiier  has  designated  as  "  single  shears  "  those  at  the  extreme 
ends  of  the  spans,  where  one  heavy  wheel  is  just  moving  on  to  the  sup- 
port. The  percentages  for  these  columns  should  be  the  same  as  those 
for  moments,  whereas  we  see  that  they  are  much  less. 

The  only  use  that  would  ever  be  made  of  these  values  would  be  in  the 
riveted  attachments  at  the  ends  of  spans  generally  under  40  feet,  as 
stringers  to  floor  beams.  The  end  sheai's  that  would  be  used  to  deter- 
mine the  web  would  be  taken,  in  girder  spans,  at  a  distance  from  the  end 
equal  to  the  depth  of  the  girder,  and  in  truss  spans  at  the  first  panel 
point.  These  are  given  in  the  last  columns,  and  are  seen  to  be  sub- 
stantially correct.  I  think  they  may  also  be  taken  as  representing  more 
correctly  the  shears  at  the  end  attachment  than  those  given  in  the  pre- 
ceding columns,  because  the  latter  depend  upon  an  ideal  theoretical 
condition  that  has  no  parallel  in  practice.  Taking,  for  instance,  the  at- 
tachment of  a  stringer  to  the  floor  beam,  and  assuming  that  a  heavy 
wheel  is  over  the  center  of  a  cross-tie  placed  close  to  the  floor  beam,  the 
distance  from  the  end  of  the  stringer  to  the  wheel  becomes  one  foot, 
modifying  in  a  considerable  degree  the  jjercentages  given,  and  if  we 
further  take  into  account  the  distributing  effect  of  the  rail,  which  Mr. 
Cooper's  sijecifications  place  at  three  ties,  we  are  reduced  practically  to 
the  conditions  in  the  last  column. 

The  heavy  passenger  engines  referred  to,  say  with  30  000  pounds  on 
drivers  8  feet  apart,  while  producing  greater  moments  than  the  consoli- 
dation engines  in  small  spans,  will  produce  less  shears. 

For  trasses,  comparison  between  the  actual  stresses  in  the  different 
members  and  the  amounts,  as  well  as  percentages,  of  difference  are  so 
much  more  satisfactory  than  those  between  api)roximate  equivalent 
loads  that,  at  the  risk  of  being  prolix,  they  are  given  in  Tables  Nos.  2, 
3  and  4. 

The  values  are  for  one  truss,  being  those  due  to  half  of  the  loads 
previously  given.  The  letters  a,  h,  c,  etc.,  refer  to  the  panel  points  at 
which  the  stresses  occur,  calling  the  first  panel  point  from  the  pier  «,  the 
next  h,  etc. 

In  spans  over  200  feet  it  is  thought  necessary  to  give  only  the  shears 
in  the  end  panel,  the  middle  panel  and  the  counters. 

The  values  are  for  live  load  only,  and  the  counters  are  given  to  the 
l^anel  at  which  the  dead  load  shear  overcomes  the  live. 
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TABLE  No.  2. 
Chord  Stresses  for  Erie  Loading— Single  Intersection. 


100  feet  span,  25  feet  deep. 
5  panels  of  20  feet. 

150  feet  span,  25  feet  deep, 
6  panels  of  25  feet. 

200  feet  span,  SSJfeet  deep. 
8  panels  of  25  feet. 

Panel. 

Engine 
Load 

Proposed 
Load. 

Pr.  ct. 
Diff. 

Engine 
Load. 

Proposed 
Load. 

Pr.  ct. 
Diff. 

Engine 
Load. 

Proposed 
Load. 

Pr.  ct. 
Diff. 

a 

b 
c 
d 

51.160 
72.520 

51.200 
76.800 

0 
6 

95.220 
147.500 
156.700 

92.100 
147.300 
165.700 

—  3 

0 
+  6 

.... 

95.700 
155.400 
196.500 
•202.090 

91.900 
157.500 
196.300 
209.900 

—  4 

TABLE  No.  3. 

Web  Shears  for  Erie  Loading. — Single  Intersection. — All  25  feet 
Panels  except  in  100  feet  Span. 


100  feet  Span. 


Engine. 


63.950 
35.430 
17.440* 


Proposed. 


64.000 
40.800 
22.400 


Pr.  ct. 
Diff. 


300  feet  Span. 


185  300 
61.800 
44.000* 
28.200 


183.400 
62.500 
45.800 
31.700 


—    1 

+  1 
+  4 
+  11 


150  feet  Span. 


IPr  ct 
Engine.  'Proposed,    pj^x- ' 


95.200 
62.500 
36.700 
15.300* 


91.900 
62.600 
38.900 
20.500 


400  feet  Span. 


247.800 
77.300 
60.120* 
45.000 


243.700 
77.500 
61.800 
47.000 


—  4 
0 
3 
30 


200  feet  Span. 


Engine. 


126.900 
95.900 
68.400 
46.600 
25.400* 


Proposed. 


122.500 
93.710 
68.800 
47. SCO 
30.000 


Pr 

Ct. 

Diff. 

_ 

3t 

— 

n 

0 

+ 

4 

_L 

19 

500  feet  Span. 


302.600 
92.400 
60.400* 
46.800 


304.000 
92.500 
62.000 
49.000 


*  First  counter. 
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TABLE  No.  4. 
Web  Sheaes  for  Eeie  Loading. — Double  Intersection. 


200  feet  Span. 

200  feet  Span. 

500  feet  Span. 

8  Panels  of  25  feet. 

12  Panels  of  I63  feet. 

20  Panels  of  25  feet. 

Engine. 

Proposed. 

Pr.  ct. 
Diff. 

Engine. 

Proposed. 

Pr.  ct. 
Diff. 

Engine. 

Proposed. 

Pr.  ct. 
Difif. 

b 

63.300 

61.900 

—    2 

61.200. 

67.500 

10 

152.500 

153.800 

c 

45.500 

44.400 

—    2 

50  300 

55.800 

11 

137.400 

137.700 

d 

29.400 

34.400 

+  17 

42.500 

47.. 500 

12 

127.200 

124.700 

e 

19.400 

24.300* 

+  25 

32.300 

37.500 

16 

110.600 

110.200 

f 

13.100 

U.400 

+  10 

26.900 

30.800 

13 

99.000 

98.700 

g 

19.600 

22 . 500* 

15 

86 . 500 

85.800 

h 

14.800 

17.500 

19 

76.600 

75.800 

I 

65.200 

C4.300 

.; 

56.700 

55.700 

k 

46.700* 

45.700 

I 

39.600 

38.700 

We  see  that  the  percentages  of  excess  available  for  impact  in  ties  and 
counters  decrease  with  the  length  of  span,  but  are  about  right  up  to  200 
feet,  and,  therefore,  to  make  the  loading  cover  all  cases,  we  should  add 
the  specification  that  10  per  cent,  shall  be  added  to  live  load  stresses  in 
ties  and  counters  of  spans  over  200  feet. 

Table  No.  4,  for  double  intersection  trusses  illustrates  a  defective 
feature  of  the  engine  loading  to  which  attention  was  called  in  the  dis- 
cussion of  Mr.  Wilson's  paper  alluded  to,  and  shows  how  the  proposed 
form  of  load,  by  covering  the  maxima  of  the  various  cases,  meets  the 
point.  The  centers  of  gravity  of  two  consolidation  engines  in  the  i)Osi- 
tions  specified  are  about  50  feet  apart,  and  hence  the  maximum  con- 
centrations of  weight  will  occur  on  the  same  system  of  bracing  with 
panels  of  25  feet,  while  with  16f  feet  panels  they  will  occur  on  different 
systems  and  give  less  results  than  would  be  obtained  with  other  posi- 
tions or  combinations  of  engines,  a  particularly  unfortunate  state  of 
affairs  when  we  consider  that  the  latter  panel  is  about  a  half  a  car  length, 
throwing  the  maximum  concentrations  U]pou  one  system  of  bracing  while 
we  are  calculating  for  a  uniform  weight  of  train,  which  imjilies  an  equal 
division  between  the  systems,  and,  therefore,  adding  to  the  error.  The 
proposed  loading  gives  the  maximum  effects  regardless  of  the  panel 
length. 

I  have  not  gone  into  the  question  of  the  101-ton  consolidation  engine 
loading,  further  than  to  make  a  comparison  with  Mr.  Cooper's  uniform 
loads  for  maximum  moment,  from  which  it  would  seem  that  the  j^i'oper 
equivalent,  impact  included,  would  be  3  000  pounds  itniform  plus  50  000 
pounds  concentrated.  As  a  substitute  for  the  Lehigh  loading  I  would 
suggest  4  000  pounds  per  foot  uniform  plus  70  000  pounds  concentrated. 

In  the  following  table  (No.  5)  the  equivalent  values  for  the  Lehigh 
engine  loading  for  spans  over  40  feet  are  the  averages  of  those  giving  the 
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maximum  middle  moments  and  end  panel  shears.  Although  the  agree- 
ment seems  quite  exact,  in  the  calculation  of  trusses  3.900  +  70.000  will 
be  found  more  nearly  the  equivalent  load.  The  greatest  disparity  will 
be  found  in  the  chord  stresses,  attributable  to  the  fact  that  while  we 
take  positions  of  the  engines  which  we  know  give  maximum  web  shears, 
they  are  positions  which  we  know  do  not  give  the  maximum  chord 
stresses.  For  these  the  engines  should  obviously  be  preceded  as  well  as 
followed  by  cars. 

TABLE  No.  5. 

EQuivAiiENT  Uniform  Loads  for  Moments. 


The  liigh  percentages  in  spans  under  15  feet,  as  before  remarked, 
will  serve  to  cover  the  greater  concentrations  and  sjieeds  of  passenger 
engines. 

From  a  study  of  the  three  loads  given  it  would  seem  to  be  a  good 
rule  to  make  the  uniform  load  equal  to  the  weight  of  the  train,  and 
make  the  concentrated  load  seventeen  times  that  amount. 

The  actual  wheel  loads  must,  of  course,  be  the  basis  of  any  adopted 
form  of  loading,  and  the  idea  of  specifying  the  simpler  equivalent  is  to 
avoid  the  enormous  waste  of  high-priced  labor  involved  in  specifying  the 
engine  loading,  where  every  engineer  comjieting  for  the  bridge  must 
make  elaborate  calculations,  which  had  better  be  made  once  for  all  by 
the  party  making  the  specifications,  particularly  where,  as  it  has  been 
shown,  better  results  may  be  obtained. 

Camber. — In  the  matter  of  camber  it  would  seem  better  to  provide  for 
the  deflection  due  to  the  web  members  by  changes  in  the  lengths  of 
these  members,  rather  than  in  the  chords,  as  proposed  in  this  paper. 

In  fact  one  cannot  be  made  to  cover  the  other  because  they  do  not 
act  together,  the  deflection  due  to  the  web  members  increasing  with  the 
depth  of  the  truss,  while  that  due  to  the  chords  decreases. 

The  deflection  of  a  truss  being  due  to  the  change  of  lengths  of  all  of 
its  component  parts  by  stress,  why  not  anticipate  this  deflection  by  alter- 
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ing  the  lengths  of-  all  of  the  members,  so  that  when  sustaining  its  maxi- 
mum load  it  shall  be  of  the  theoretical  figure. 

This  is  really  the  object  of  camber,  and  it  would  seem  the  scientific 
way  to  provide  for  it. 

Thus,  assuming  8  000  pounds  per  square  inch  as  the  average  stress 
in  the  top  chords  and  end  posts,  6  000  jiounds  that  in  the  intermediate 
posts,  and  10  000  pounds  that  in  the  ties  and  bottom  chords,  and  a 
modulus  of  elasticity  of  24  000  000  pounds,  the  alteration  would  be  as 

follows :   Lengthen  top  chord  panels  and  end  posts =  sTnri! 

^  -^  ^  ^         24  000  000 

length,   and  intermediate  posts  twos  +  (ro  i^^ch  play  in   pin   holes). 

Shorten  bottom-chord  panels  and  diagonal  ties  2^Vo  length  +  "To  inch. 

This  presumes  that  the  web  members  shall  be  under  their  maximum 

stresses  at  the  same  time  as  the  chords,  which  is  not  strictly  true. 

Let  us  consider  the  members  in  detail.  The  counter  ties  being  ad- 
justable are  independent  of  alterations  for  camber.  The  main  ties  at 
the  end  are  under  their  maximum  stress  at  the  same  time  as  the  chords; 
the  main  tie  at  the  middle  of  a  200  feet  span,  for  example,  is  under  but 
75  per  cent  of  its  maximum  at  that  time.  The  average  stress  in  the  ties 
is,  therefore,  871  per  cent.,  making  an  error  of  12|-  per  cent,  in  the 
above  assumption,  which  would  be  exactly  compensated  in  the  case 
considered  by  disregarding  the  play  in  the  pin-holes  of  all  the  ties. 
The  intermediate  posts  would  be  under  a  still  smaller  proportion  of 
their  maximum  stresses,  and  the  correction  should  be  more  properly 
TsViT  than  f-jTcTo'. 

The  camber  from  the  chords  would  be  dependent  upton  the  relative 
lengths  of  the  top  and  bottom  chords,  and  would  obviously  not  be 
affected  if  we  added  gV  inch  to  both  chords  in  a  common  jDanel  of  say 
25  feet.  This  would  be  equivalent  to  disregarding  the  play  in  the  pin- 
holes of  the  bottom  chord,  and  making  the  elongation  of  the  top  chord 
■24V0  in  place  of  s-oVo-  But  in  doing  this  we  react  upon  the  web  mem- 
bers by  increasing  the  horizontal  jDrojection  of  those  in  one  panel  ^-V 
inch.  This  will  be  fairly  compensated  by  neglecting  the  play  of  the 
pinholes  in  the  jjosts. 

We  come,  then,  to  the  following  simple  rule  which  would  seem  to  be 
as  near  theoretical  exactness  as  can  well  be  made,  viz. :  Camber  shall  be 
provided  by  changing  the  members  of  the  theoretical  figure  of  the  truss 
•aTuifth  of  their  respective  lengths  except  intermediate  posts,  in  which 
the  change  shall  be  one-half  this  amount  orrs-ooth;  compression  mem- 
bers to  be  lengthened  and  tension  members  shortened. 

The  correction  under  this  rule  is  simply  i-inch  per  100  feet  for  all 
members  except  intermediate  i)osts  in  which  it  is  i-inch.  The  fraction 
is  such  a  small  one  that  we  can  neglect  the  inches  in  the  expressed 
lengths  of  the  members,  and  the  corrections  can  be  written  down  from 
insi^ection;  being  a  constant  for  each  class  of  members  in  a  Pratt  truss, 


DISCUSSION"    ON    AMERICAN    RAILROAD    BRIDGES.  583 

the  method  is  thought  to  be  as  easy  of  application  as  that  given  in  the 
paper,  besides  being  more  correct  and  independent  of  the  form  of  the 
truss  and  taking  into  account  the  play  in  the  pin-holes. 

I  have  taken  the  modulus  of  elasticity — 24  000  000— as  given  by  Mr. 
Cooper.  This  is  too  small,  but  provides  an  excessive  camber  of  about  20 
per  cent. ,  which  it  is  desirable  to  have  in  view  of  the  constantly  increas- 
ing rolling  load,  and  hence  its  use. 

The  members  have  been  assumed  to  be  iron,  and  when  steel  is  used 
at  higher  stresses  the  elevations  under  the  rule  should  be  proportion- 
ately increased ;  but  in  the  ordinary  use  of  steel  eye-bars  at  12  000 
jjounds  per  square  inch,  with  all  other  parts  iron,  it  is  more  convenient, 
and  I  am  inclined  to  think  sufficiently  exact,  on  account  of  the  slightly 
higher  modulus  of  steel  and  the  excess  which  the  rule  gives,  to  apply 
the  rule  without  alteration. 

PAiiMER  C.  RiCKETTS,  M.  Am.  Soc.  C.  E. — Whilst  the  credit  for  the 
development  of  the  method,  now  generally  in  use  in  this  country,  of 
calculating  the  stresses  in  railroad  bridges  by  wheel  concentrations,  is 
doubtless  due  to  Messrs.  Cooper  and  Escobar,  the  eflfect  of  engine  wheel 
loads  on  spans  had  been  considered  abroad  by  Winkler,  Von  Ott  and 
others  some  years  before  the  date  (1880)  mentioned  by  the  author  as  the 
time  at  which  he  first  used  it. 

Mr.  Cooper  is  somewhat  in  error  in  saying  that  this  method  has 
never  been  published  before,  since  the  principles  and  conditions  as  now 
used  were  given  in  an  article  by  Mr.  C.  E.  Moore,  in  the  American 
Engineer  of  December  19th,  1884,  and  they  have  also  been  ably  pre- 
sented and  extended  by  William  H.  Burr,  M.  Am.  Soc.  C.  E.,  in  his 
"  Stresses  in  Bridge  and  Roof  Trusses  "  (1886),  in  which,  after  a  general 
treatment,  he  deduces  stresses  for  special  engine  loads  and  spans.  In 
both  these  cases  credit  is  given  to  Mr.  Cooper. 

It  is  well,  also,  in  this  connection,  to  forget  neither  the  valuable 
paper  by  Professor  G.  F.  Swain,  Assoc.  Am.  Soc.  C.  E.,  published  in 
our  Transactions  of  July,  1887,  nor  the  Treatise  on  Bridges  (1888)  of 
Professor  Merriman,  M.  Am.  Soc.  C.  E. 

Henkx  B.  Seaman,  M.  Am.  Soc.  C  E. — I  would  offer  a  correction  to 
the  statement  that  it  is  the  general  American  practice  to  brace  our 
trusses  for  a  definite  amount  of  lateral  force  per  lineal  foot  of  structure. 
This  rule  is  empirical  and  is  not  consistent  with  the  American  methods 
of  scientific  design.  The  specification  quoted  provides  for  a  moving 
train,  ten  feet  high,  with  a  wind  pressure  of  30  pounds  per  square  foot, 
but  it  makes  no  provision  for  the  height  of  the  train  above  the  track, 
which  is  an  important  factor  in  the  calculation  of  the  moment  of  insta- 
bility in  trestle  towers.  In  providing  for  a  uniform  pressure  of  150 
pounds  per  lineal  foot  of  each  chord,  irrespective  of  the  length,  depth, 
■or  details   of   the  trusses,  it  makes  no  allowance  for   the  floor  system  at 
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the  loaded  chord,  and  in  the  case  of  check  bridges  where  the  floor 
system  and  the  upper  chord  act  together,  the  diflference  between  this 
and  the  lower  chord,  composed  of  eyebars,  is  very  marked.  The  speci- 
fication was  apparently  framed  with  a  view  of  lessening  labor  and  to 
facilitate  the  mannfaetiire  of  so  many  tons  of  iron  in  a  certain  limited 
time.  As  such,  it  has  naturally  found  favor  with  contractors,  and  may 
generally  be  found  in  their  specifications,  though  to  this  there  is  an  ex- 
ception in  the  specification  cited  by  Mr.  E.  Claxton  Fidler,  which  shows 
unusiial  thoroughness  in  its  preparation  and  from  which  engineers  have 
wisely  made  liberal  abstracts.  Of  several  railroad  specifications  in  my 
possession,  including  those  of  the  Pennsylvania  Railroad  and  the  Balti- 
more and  Ohio  Railroad,  there  are  none  which  adopt  this  rule,  but  in 
each  case  vary  the  amount  of  wind  pressure  according  to  the  surface 
exposed. 

The  objection  to  the  use  of  engine  distribution  does  not  arise 
merely  from  the  increased  labor  of  the  calculation  of  the  strains.  The 
chief  objection  is  the  over-confidence  it  gives  in  the  validity  of  our  re- 
sults. There  is  no  certainty  that  the  concentrated  weights  assumed  are 
the  same  as  those  to  which  the  bridge  is  subjected  by  a  moving  train, 
and  with  the  constant  increase  in  the  weights  and  the  changes  in  their 
distribution,  the  expedient  of  engine  distribution  must  be  only  a  tem- 
porary one,  while  the  tendency  of  railroad  management  is  to  increase 
the  weights  of  the  engines  ;  there  is  an  equal  and  less  restricted  ten- 
deucy  to  increase  the  weights  of  the  trains  which  follow;  and  as  long  as 
the  co-efiicient  of  sliding  friction  is  greater  than  that  of  rolling  friction, 
we  have  no  assurance  that  economy  of  transportation  in  reducing  the 
lengths  of  trains  and  the  increased  facilities  of  our  manufacturers  re- 
quiring the  transportation  of  heavy  weights  will  not  ultimately  give  us 
trains  of  equal  weights  with  the  engines.  It  is  just  announced  that  a 
special  car  has  been  constructed  by  the  Lehigh  Valley  Railroad  for  the 
transportation  of  heavy  machinery,  while  two  years  ago  a  similar  car 
was  constructed  by  the  Pennsylvania  Railroad  for  the  transportation  of 
cables.  The  only  limit  to  be  placed  uijon  these  loads  and  their  concen- 
tration is  the  strength  of  the  bridges  and  the  solidity  of  the  track.  Is  it 
then  wise  to  devote  our  attention  to  the  detailed  effects  of  engine  distri- 
bution, ridiculing  our  factor  of  safety,  while  we  ignore  conditions  which 
already  exist  and  of  which  we  have  no  knowledge  ? 

C.  F.  Stowell,  M.  Am.  Soc.  C,  E. — The  value  of  the  historical  por- 
tion of  Mr.  Cooper's  paper  can  hardly  be  over-estimated.  He  has  col- 
lected and  recorded  a  mass  of  facts  relating  to  the  early  history  of 
American  bridge  building,  which  was  in  danger  of  becoming  perma- 
nently lost. 

It  seems  to  me  that  it  would  have  been  well  to  include  in  his  list  of 
early  iron  bridges  the  one  over  the  Mohawk  River  at  Utica,  on  the 
Rome,   Watertown  and  Ogdensburg  Railroad,  as  being   probably  the- 
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oldest  iron  truss  bridge  now  in  use  for  railroad  jDurposes  in  this 
country.  This  bridge  was  built  by  the  late  Squire  Whipple  in  1854,  and 
is  understood  to  be  the  second  railroad  bridge  built  by  him  on  his  well 
known  trapezoidal  plan,  the  first  being  the  one  mentioned  by  Mr. 
Cooper,  on  the  Bensselaer  and  Saratoga  Railroad,  near  Troy,  and  which 
was  removed  in  1883.  The  Utica  bridge  is  125  feet  long,  and  has  cast- 
iron  top  chords  and  posts,  rods  with  screw  connections  for  tension 
members,  and  welded  links  for  lower  chords.  Some  time  after  being 
erected  the  span  was  carried  away  by  a  flood,  but  the  pieces  were  picked 
up  and  rejDlaced,  and  the  bridge  is  doing  duty  to-day  in  substantially 
the  same  condition  as  when  first  built,  except  that  a  new  and  stronger 
floor  system  has  been  jjut  into  it. 

As  regai'ds  the  date  when  the  modern  type  of  bridge  si^ecification  first 
appeared,  I  think  Mr.  Cooper  is  somewhat  in  error.  He  claims  priority 
in  a  number  of  jjoints  for  the  old  Erie  specifications  drawn  up  by  him 
in  1878,  but  I  find  that  the  "Specifications  for  Wrought-iron  Bridges" 
of  the  Lake  Shore  and  Michigan  Southern  Raihvay,  which  were  pub- 
lished at  least  as  early  as  July,  1877,  cover  substantially  the  same  points. 
These  specifications  covered  the  designing,  proportioning  and  detail  of 
construction  with  that  completeness  necessary  to  give  the  railroad  com- 
pany full  advantage  of  the  competitive  system,  and  at  the  same  time 
insure  that  the  resulting  structure  would  not  be  below  the  standard. 
They  specified  definitely  the  working  strains  to  be  allowed  on  different 
parts  of  the  structure,  according  to  the  service  to  be  performed,  and 
while  stating  clearly  the  exact  loads  and  working  stresses  to  be  used 
and  degree  of  excellence  of  workmanship  to  be  adhered  to,  they  still 
left  the  contractor  at  perfect  liberty  to  adopt  such  style,  depth  and  panel 
length  of  truss  as  might  seem  to  him  most  advantageous.  In  view  of 
these  things,  therefore,  I  think  Mr.  Cooper  errs  in  claiming  for  the  Erie 
specifications  of  1878  priority  in  the  points  just  mentioned,  and  which 
are  now  tmiversally  incorporated  in  all  the  American  bridge  specifi- 
cations of  any  degree  of  merit.  The  Lake  Shore  specifications  were 
drawn  up  by  the  late  Charles  Hilton,  under  the  direction  of  Mr.  L.  H. 
Clarke,  then  Chief  Engineer  of  that  road. 

The  remainder  of  Mr.  Cooper's  pa^aer,  after  the  historical  portion,  is 
largely  occupied  with  a  description  of  the  processes  of  computation, 
manufacture,  erection,  etc.,  in  common  use  in  American  bridge  shops, 
and  while  in  the  main  accurate  and  reliable,  still  this  portion  contains  a 
number  of  statements  laudatory  of  the  pin-connected  type  of  bridge, 
and  derogatory  to  its  riveted  congener,  to  which,  I  think,  exception  may 
reasonably  be  taken. 

The  point  iisually  insisted  upon  most  strenuously  by  the  advocates 
of  the  pin-connected  system  is  the  asserted  ambiguity  as  regards  the 
stresses  in  a  riveted  bridge  compared  with  a  pin-connected  one,  but  as 
Mr.  Cooper  does  not  urge  this  objection  I  have  nothing  to  say  about  it 
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here,  except  tliat  it  is  usually  mucli  exaggerated.  It  is  not  true,  as  has 
been  asserted  by  a  prominent  advocate  of  the  i^in-connected  type,  that 
it  is  utterly  impossible  to  make  any  estimate  of  the  strains  in  a  riveted 
lattice  truss,  nor  is  it  true  that  the  stresses  in  a  pin-connected  truss  can 
be  computed  with  absolute  exactness  in  every  member.  There  is  more 
or  less  ambiguity  in  the  stresses  in  every  bridge,  and  the  disparity  be- 
tween I'iveted  and  pin-connected  ones  in  this  respect  is  less  than  some 
would  have  us  believe. 

As  an  objection  to  the  use  of  riveted  construction  for  long  spans, 
Mr.  Cooper  says,  "  for  the  larger  spans  the  necessity  of  i^erforming  so 
much  riveting  of  imi^ortant  connections  at  the  bridge  site,  where  that 
care  and  accuracy  obtainable  at  the  shops  cannot  be  depended  upon, 
does  not  render  them  acceptable  to  many  engineers."  I  know  of  no 
more  vital  or  important  connections  in  a  bridge  than  those  of  stringers 
to  floor  beams  and  of  floor  beams  to  the  trusses.  These  connections 
must  resist  the  first  shock  of  a  locomotive  as  it  jumps  upon  a  bridge, 
and  they  get  very  much  more  wear  and  tear  and  rough  usage  than  any 
other  connections  in  the  bridge.  But  rivets  are  always  depended  upon 
in  first-class,  modern,  pin-connected  bridges  for  these  connections,  and 
not  only  this  but  the  stringer  connections  always  and  the  floor  beam  con- 
nections frequently  are  necessarily  made  by  means  of  hand-driven  rivets 
at  the  bridge  site.  As  long  as  the  primary  dependence  of  a  train  on  a 
bridge  always  has  been  and  always  will  be  upon  hand-riveting  done  at 
the  bridge  site,  it  seems  to  me  inconsistent  to  object  to  "so  much  rivet- 
ing of  important  connections  at  the  bridge  site." 

The  facts  about  the  erection  of  pin-connected  bridges  given  by  Mr. 
Cooper  are  certainly  remarkable,  especially  if  we  are  to  understand  that 
the  Sloans  mentioned  were  riveted  up  comjalete  ready  for  track-laying  in 
the  i^eriods  stated.  But  if  he  means  by  "erection"  the  putting  to- 
gether of  a  truss  sufficiently  to  make  it  self-sup]3orting,  and  then  doing 
the  necessary  riveting  at  leisure  afterwards,  the  feats  mentioned  lose 
somewhat  of  their  brilliancy.  It  is  undoubtedly  true  that  to  erect  a 
riveted  bridge  complete  takes  longer  than  for  a  pin-connected  span  of 
the  same  size,  and  this  is  due  to  the  extra  time  required  for  riveting. 
But  simply  to  render  a  truss  self-supporting  so  that  the  false  work  may 
be  removed  if  necessary,  is  quite  another  matter.  If  this  be  called 
"erecting,"  I  am  of  the  opinion  that  the  records  of  riveted  bridges 
where  speed  is  essential  would  compare  favorably  with  those  of  the 
other  type.  It  is  not  necessary  that  all  or  any  field  rivets  be  driven  for 
this  purpose.  Only  a  few  bolts  are  needed.  It  is  not  even  necessary 
that  all  or  nearly  all  the  members  of  a  truss  should  be  in  place.  I 
know  of  one  case  where  the  false  work  was  carried  from  under  a  riveted 
span  of  considerable  size  before  any  of  the  top  chord  was  in  i)lace,.but 
the  truss  stood  withoiit  a  top  chord.  A  i)in-connected  truss  must 
inevitably  have  fallen.     Moreover,  it  should  be  considered  that  in  the 
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-erection  of  a  riveted  lattice  bridge  no  false  work  is  ever  required  above 
the  lower  chord,  so  that  all  the  time  and  expense  of  carrying  false  work 
up  to  the  full  height  of  the  trusses,  as  is  essential  in  ijin-connected 
spans,  is  saved  in  usiui;  riveted  work.  In  cases  where  it  is  not  desirable 
to  obstruct  a  waterway  at  all  by  false  work  a  riveted  bridge  may  be, 
and  frequently  is,  built  entirely  on  shore  and  shoved  across  when  com- 
pleted. Thus  the  York  street  bridge  in  Buffalo,  a  182  feet  span  over 
the  Erie  canal,  was  built  in  the  street  to  avoid  interfering  with  naviga- 
tion by  false  work,  and  pushed  across  when  fully  erected,  the  outer  end 
being  supported  by  a  canal  boat  during  the  transit.  A  riveted  bridge 
requires  no  special  design  or  extra  members  whatever  to  enable  it  to  be 
shoved  about  in  this  way.  After  all,  though  it  is  true  that  speed  in 
erection  is  sometimes  of  the  utmost  importance,  nevertheless  such  cases 
in  ordinary  practice  are  comparatively  rare.  In  a  great  majority  of 
cases  any  reasonable  length  of  time  which  may  be  desired  can  be  taken. 
In  looking  back  over  the  field  of  American  bridge  building  during 
the  past  few  years  I  am  fully  persuaded  that  the  use  of  riveted  work  is 
gradually  becoming  more  extensive.  This  is  shown  (a)  by  the  general 
extension  of  the  limiting  span  for  which  riveted  trusses  are  permitted 
on  roads  which  do  not  employ  them  for  all  spans,  (b)  by  the  greater 
dependence  on  riveted  connections  in  various  parts  of  pin-connected 
bridges,  and  (c]  by  the  adoption  of  the  riveted  type  for  long  span 
bridges  by  roads  which  formerly  preferred  the  pin-connected  type. 
The  Erie  specifications  of  1878  required  riveted  girders  to  be  used  for 
spans  of  from  40  to  75  feet,  and  prohibited  them  for  longer  spans.  The 
present  Erie  specifications  require  their  use  up  to  80  feet,  and  for  longer 
spans  they  are  optional.  Mr.  Cooper's  own  specifications,  dated  1888, 
require  them  up  to  100  feet,  though  in  1884  his  general  specifications 
put  the  limit  at  90  feet.  In  1878  it  was  considered  good  practice  to 
depend  upon  abutting  joints  in  top  chord  sections  with  just  enough 
rivets  to  hold  the  pieces  in  place;  but  now  it  is  stipulated  in  all  good 
specifications  that  ' '  all  joints  in  riveted  work,  whether  in  tension  or 
eompression  members,  must  be  fully  sjjliced,  as  no  reliance  miist  be 
placed  on  abutting  joints."  The  old  Erie  specifications  required  for 
floor  beam  hangers  only  that  they  should  be  so  placed  as  to  be  readily 
examined,  that  check  nuts  shou  d  be  used  for  screw  connections  and 
that  bent  loops  should  fit  closely  around  the  pins.  The  use  of  plate 
hangers  for  floor  beams,  where  the  dependence  is  necessarily  on  rivets, 
is  now  almost  universal  unless  special  circumstances  require  some  other 
form.  The  modern  Erie  specifications  read,  "Floor  beam  hangers  [i.  e., 
bent  loops  or  screw  connections]  shall  be  avoided  if  possible,"  and  Mr. 
Cooper's  own  specifications  of  1888  say,  "  Preference  will  be  given  to 
hangers  without  screw  connections." 

When  the  Erie  specifications  of   1878  were  published   the  bottom 
lateral   bracing  of   through   pin-connected    bridges   was   always   com- 
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posed  of  roiind  or  square  bars  mth  pin  or  screw  connections,  in  the 
attachments  of  which,  by  the  way,  the  specified  prohibition  against 
using  rivets  in  direct  tension  was  almost  always  conveniently  disre- 
garded. But  in  Mr,  Cooper's  1888  specifications,  paragraph  8  says: 
"Preference  will  be  given  for  a  stiff  angle-iron  lateral  system  between 
the  chords  on  the  level  of  the  floor."  And  again  in  jiaragraph  24: 
"Preference  will  be  given  to  lateral  bracing  in  the  floor  system,  which 
is  capable  of  resisting  both  tension  and  compression."  In  first  class 
work  the  jjractice  of  stiffening  the  lower  chord  in  the  end  two  panels  of 
pin-connected  bridges  is  now  becoming  common.  The  Lake  Shore  and 
Michigan  Southern  Railway,  for  instance,  makes  it  a  specified  require- 
ment in  all  cases  where  the  first  panel  point  is  a  suspender  only.  These 
things  go  to  show  that  not  only  is  the  limiting  sjjan  for  which  riveted 
girders  proper  may  be  used  being  gradually  extended,  but  that  the  use  of 
riveted  construction  and  the  dependence  in  pin-connected  bridges  upon 
riveted  connections,  where  other  forms  were  formerly  considered  better, 
is  becoming  more  and  more  common.  In  all  the  points  mentioned 
where  riveted  work  is  making  inroads  into  pin-connected  construction 
— in  the  use  of  fully  spliced  top  chord  sections,  in  the  dependence  of 
floor  beams  upon  riveted  connections  instead  of  bolts  and  nuts,  in 
the  use  of  stiff  lower  chords  and  of  rigid  lateral  bracing — in  all  these 
things  the  tendency  is  precisely  towards  the  practice  which  is  now  and 
has  been  for  years  universal  among  the  builders  of  riveted  bridges.  But 
besides  this  the  use  of  riveted  work  is  becoming  more  general  for  entire 
spans  even  of  considerable  size  on  roads  which  until  comparatively 
recently  used  only  pin-connected  bridges.  As  an  instance  of  this  I  need 
only  mention  the  new  bridge  over  the  St.  Lawrence  River  now  being  built 
by  the  Canada  Atlantic  Railway.  This  bridge  will  comprise  one  span  of 
163  feet,  two  of  190  feet,  ten  of  217  feet,  four  of  223  feet  and  one  draw 
span  of  355  feet  in  the  clear.  All  the  iron  bridges  heretofore  built  on 
this  road  are  pin-connected,  but  this  bridge,  I  am  informed,  is  to  be 
entirely  of  the  riveted  lattice  type,  the  management  of  the  road  having 
wisely  decided  upon  that  style  of  construction  as  presenting  a  greater 
measure  of  safety  in  the  event  of  a  train  accident  on  the  bridge. 

Even  admitting  all  that  the  advocates  of  the  pin-connected  type  have 
claimed  in  favor  of  their  structures  and  against  the  riveted  type  to  be 
true,  still  it  seems  to  me  that  the  latter  would  be  preferable  for  railroad 
purposes,  for  the  single  reason  indicated  as  governing  the  choice  in  the 
case  of  the  Canada  Atlantic  Bridge. 

The  paramount  consideration  in  the  building  of  any  bridge  must 
always  be  safety.  No  matter  to  what  degree  of  refinement  the  computa- 
tion of  stresses  may  be  carried  under  a  system  of  wheels  placed  just  so 
many  inches  apart,  and  just  so  many  pounds  on  each  wheel;  no  matter 
how  careful  the  inspection  of  material  and  workmanship  or  how  much 
pulling  of  test  pieces  may  be  done;  no  matter  how  many  engineers  may 
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have  pronounced  the  finished  structure  as  possessing  the  i;tmost  degree 
of  excellence,  still  I  maintain  that  if  some  other  type  of  bridge  proves 
itself  in  actual  use  capable  of  withstanding  the  ordinary  accidents  of 
railroading  better  than  this,  then  it  is  a  safer  and  a  better  bridge.  The 
Apple  River  Bridge  on  the  Chicago,  St.  Paul  and  Kansas  City  Railway 
illustrates  this  point  very  well.  This  bridge  was  a  single  span  of  180 
feet.  It  was  built  with  all  the  refinements  known  to  modern  practice. 
The  stresses  in  all  the  meml)ers  were  computed  to  a  nicety,  and  the 
dimensions  of  the  j^arts  proportioned  according  to  accepted  rules.  The 
workmanship  and  material  were  subject  to  rigid  inspection  and  the 
testing  machine  added  its  evidence  that  the  pieces  broken  in  two  were 
of  the  proper  standard.  When  finished,  this  bridge  might  well  stand  as 
a  good  example  of  what  is  generally  considered  the  most  approved 
American  practice.  It  did  so  stand  for  about  one  month,  when  the  break- 
ing of  an  axle  under  an  ordinary  freight  car  suddenly  put  an  end  to  its 
usefulness.  This  axle  broke  some  3  600  feet  from  the  bridge,  and 
dragged  harmlessly  over  the  ties  for  that  distance.  But  as  soon  as  it 
struck  the  open  spaces  between  the  bridge  ties  it  stuck,  the  car  to  which 
it  was  attached  "  slewed  "  around,  the  trusses  were  hit,  and  the  whole 
structure  fell  into  the  stream  below.  The  breaking  of  an  axle  is  by  no 
means  an  uncommon  occurrence,  and  is  as  likely  to  happen  on  a  bridge 
as  anywhere  else — more  likely,  some  think.  The  breaking  and  dropping 
of  a  brake-beam  or  draw-head  is  another  common  accident.  So  is  the 
shifting  of  a  load  or  the  falling  off  of  some  article  not  sufficiently  secured 
on  a  platform  car.  I  have  records  of  pin-connected  bridges  wrecked  by 
all  of  these  common  accidents,  but  after  years  of  diligent  inquiry  I  have 
failed  to  find  a  single  instance  where  a  riveted  bridge  fell  in  conse- 
quence of  any  such  accident,  though  I  have  a  great  many  records  of 
these  accidents  happening  upon  such  bridges. 

Mr.  Cooper  asks,  "Does  any  one  advocate  the  designing  and  build- 
ing of  bridges  to  withstand  the  impact  of  a  railroad  train  or  the  bursting 
elfect  of  piling  two  trains  on  one  another  inside  the  trusses  ?  "  I  answer, 
that  as  long  as  trains  run  into  bridges  or  cars  pile  up  inside  the  trusses, 
a  bridge  to  be  safe  must  be  designed  and  built  to  withstand  just  those 
things.  The  Erie  Canal  Bridge  at  Tonawanda  would  have  been  in  a  bad 
way  on  that  January  day  in  1873,  when  the  train  ran  into  it,  had  it  not 
been  able  to  withstand  the  impact.  On  that  day  a  spar  was  being  drawn 
across  the  track  at  a  road  crossing  near  the  bridge.  It  sagged  consider- 
ably in  the  middle,  and  as  the  railroad  track  was  higher  than  the  road 
on  either  side,  it  "grounded"  on  the  track.  Just  then  a  train  came 
around  the  curve,  and,  the  distance  being  too  short  to  stojj,  struck  the 
spar,  shoved  it  along  against  the  bridge  and  finally  came  to  a  stop  after 
shoving  the  whole  span  bodily  some  little  distance  on  the  abutments. 
The  pilot,  head-light  and  smokestack  of  the  engine  were  smashed,  but 
the  bridge  was  not  appreciably  injured,  and  after  being  pushed  back 
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into  place  continued  to  be  used,  and  is  used  to-day,  without  further  re- 
pairs. It  is  a  riveted  lattice  bridge,  about  100  feet  long.  Now,  by  way 
of  contrast,  the  150  feet  span,  pin-connected,  Pratt  truss  bridge  at  Fish's 
Eddy,  on  the  New  York,  Ontario  and  Western  Railway  could  not  withstand 
a  glancing  blow  from  a  derailed  caboose  which  was  being  dragged  along 
at  the  tail  end  of  a  freight  train.  This  bridge  was  built  under  specifica- 
tions substantially  the  same  as  those  of  the  Erie  Railroad  of  1878,  but 
with  a  very  liberal  allowance  of  material,  so  that  the  span  was  a  heavy 
one.  It  collapsed  under  the  blow  in  March,  1886,  and  dropped  into  the 
stream  below,  with  five  cars. 

If  bridges  could  not  be  built  to  withstand  the  piling  up  of  cars  inside 
the  trusses,  then  the  Delaware,  Lackawanna  and  Western  Railroad  Com- 
pany's bridge  over  Wappaseuing  Creek,  near  Nichols,  N.  Y.,  would 
have  come  to  an  untimely  end  last  year  when  the  freight  train  ran  into 
a  preceding  coal  train  upon  it.  The  cars  were  piled  up  to  two-thirds  the 
height  of  the  trusses,  some  of  the  web  members  broken  ofi",  and  others 
badly  bent  in  both  trusses.  But  the  trusses  stood,  because  the  mem- 
bers were  rigidly  riveted  together,  though  it  is  not  a  particularly  good 
specimen  of  a  riveted  bridge  either.  On  the  contrary,  when  the  collision 
occurred  between  the  two  sections  of  a  broken  Erie  freight  train  on  the 
bridge  over  the  Delaware  and  Hudson  Canal,  near  Port  Jervis,  in  1882, 
the  cars  piled  up  and  the  bridge  went  down.  It  was  a  pin-connected 
bridge,  and  considered  a  good  one  too. 

To  say  that  such  accidents  are  to  be  classed  as  failures  of  management 
and  not  of  bridges  is  only  begging  the  question.  I  apprehend  that  as 
long  as  a  bridge  goes  down  it  is  of  little  consequence  to  those  most  in- 
terested, whether  they  be  the  people  aboard  the  train  or  the  stock- 
holders who  foot  the  bill,  whether  the  fault  lay  in  the  bridge  or  the 
management.  If  a  bridge  is  properly  constructed  a  fault  of  the  manage- 
ment will  not  destroy  it. 

In  regard  to  the  list  of  bridge  failures,  the  iiublication  of  which  Mr. 
Cooper  so  strongly  deprecate-i,  as  I  am  responsible  for  the  collection  of 
these  statistics  I  may,  perhaps  be  jsermitted  to  ofi'er  a  few  statements  in 
their  defense. 

Mr.  Cooper  objects  to  these  reports  because  they  "  are  not  based  en- 
tirely on  official  reports,  but  are  collated  from  the  newspapers."  This 
is  by  no  means  true.  In  every  case  where  a  bridge  accident  has  been 
brought  to  my  notice  I  have  used  every  i^ossible  means  to  verify  the 
facts  reported.  If  by  "official  reports"  Mr.  Cooper  means  the  reports 
of  any  public  officials  who  may  have  power  to  investigate  accidents,  his 
statement  is  incorrect,  for  such  reports  have  invariably  been  largely 
relied  upon  wherever  accessible.  But  Mr.  Cooper  must  be  aware  that 
only  in  comi^aratively  few  instances  is  the  failure  of  a  bridge  ever  made 
the  subject  of  public  inquiry.  If  he  means  by  "  official  reports  "  the 
reports  of  railroad  employees  to  their  superior  officers,  then  his  state- 
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ment  is  in  the  main  correct,  for  a  railroad  company  is  iiot  willing,  as  a 
rule,  to  furnish  for  publication  any  facts  relating  to  an  accident  on  its 
own  line,  especially  if  due  to  a  defect  in  its  road  or  equipment,  or  to  a 
fault  of  its  management.  Other  sources  of  information  which  I  have 
used  besides  "official  reports"  are  the  files  of  local  newspapers  very 
often;  photographs  of  wrecks  whenever  obtainable;  personal  correspond- 
ence with  individuals  in  the  neighborhood  in  almost  every  instance,  and 
occasionally  the  testimony  before  a  coroner's  jury.  The  assertion  that 
these  reports  of  mine  are  "  undoubtedly  full  of  sensation  and  inaccura- 
cies "  is  a  gratuitous  piece  of  misinformation,  and  it  is  to  be  regretted 
that  such  a  sweeping  charge  should  be  publicly  made  without  at  least 
some  attempt  to  ascertain  how  much  basis  there  might  be  for  it.  I  have 
never  claimed  absolute  accuracy  for  any  such  lists  of  bridge  failures, 
though  I  have  never  published  as  a  fact  any  statement  which  I  had  not 
reasonable  grounds  for  believing  to  be  true,  Mr.  Cooper's  assertion  that 
the  "data  *  *  *  have  been  magnified  and  distorted "  to  the  con- 
trary notwithstanding.  In  spite  of  all  attempts  I  have  sometimes  found 
it  impossible  to  get  any  information  from  any  source  about  certain  acci- 
dents. In  every  published  list  of  accidents  which  ever  came  from  my 
hands  attention  has  been  called  to  these  doubtful  cases,  and  correction 
and  criticism  invited.  As  the  result  of  such  invitation,  after  the  list  of 
two  hundred  and  sixty-five  failures  for  ten  years  ending  December  31st, 
1888,  was  published,  to  which  Mr.  Cooper  refers,  I  was  advised  of  one 
error  in  the  case  of  a  wooden  bridge  reported  to  have  fallen  from  some 
unknown  cause.  This  proved  to  be  a  trestle,  and  as  the  list  was  not 
intended  to  cover  these  structures  the  total  number  of  failures  was  re- 
duced to  two  hundred  and  sixty-four.  This  correction  was  published 
in  the  same  journal  in  which  the  original  list  appeared,  but  seems  to 
have  escaped  Mr.  Cooper's  attention. 

Mr.  Cooper  lays  much  stress  on  the  fact  that  only  ten  iron  bridges 
are  positively  known  to  have  squarely  fallen  down  in  the  period  men- 
tioned. An  American  iron  bridge  seldom  falls  throiigh  sheer  weakness. 
It  never  does  except  in  consequence  of  some  defect  of  design,  manufac- 
ture or  maintenance,  which  engineering  skill  or  intelligent  insi^ection 
could  have  detected.  The  most  common  cause  of  failure  among  Ameri- 
can iron  bridges  is  a  blow  either  from  some  projecting  part  of  a  passing 
train  or  from  derailed  cars.  In  the  list  of  two  hundred  and  sixty-four 
failures  referred  to  sixty  were  known  to  have  been  caused  by  blows.  Of 
these  bridges  eleven  were  of  wood,  twenty  of  iron  and  twenty-nine  of 
unknown  construction.  If  the  same  j^roportion  between  wood  and  iron 
holds  among  the  unknown  as  among  the  known  cases  we  may  reasonably 
estimate  that  forty  spans  out  of  the  sixty  which  were  knocked  down 
were  of  iron.  Moreover,  the  list  includes  sixty-five  bridges  of  unknown 
construction  which  failed  from  unknown  causes.  It  is  altogether 
probable  that  some  of  these  were  of  iron  and  were  knocked  down. 
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Every  one  of  the  twenty  iron  bridges  known  to  liave  been  knocked  down 
was  of  tlie  jiin-connected  type.  They  were  of  all  ages,  from  one  week  to 
many  years.  They  represent  the  engineering  talent  and  manufacturing 
skill  of  many  of  the  most  prominent  bridge  building  establishments  in 
America.  Some  of  them  were  on  roads  esijecially  noted  for  the  care 
displayed  in  the  construction  and  maintenance  of  bridges,  and  were  fur- 
nished with  all  the  safety  ajipliances  known  to  modern  practice.  As 
long  as  pin-connected  bridges  continue  thus  to  fall,  even  though  they  be 
of  the  very  best  design  and  workmanshij),  while  riveted  bridges  have  re- 
peatedly stood  i^recisely  the  same  kind  of  accidents  and  even  worse  ones 
without  serious  injury,  I  believe  the  latter  are  safer  and  therefore  better. 
I  have  never  known  a  pin-connected  bridge  to  stand  after  its  end  post  had 
been  broken  in  two,  but  I  know  of  at  least  two  such  cases  of  riveted 
bridges.  I  have  never  known  a  pin-connected  bridge  to  stand  after 
being  shoved  out  of  i3lace  so  that  one  corner  was  iDUshed  off  the  abut- 
ment, but  there  are  a  number  of  cases  on  record  where  a  riveted  bridge 
has  thus  stood  "  on  three  legs  "  as  it  were. 

I  believe  with  Mr,  Benjamin  Baker  that  "it  is  clearly  necessary  to 
provide  for  the  contingency  of  a  train  accident  on  a  bridge."  I  believe 
that  the  only  way  we  know  of  as  yet  to  accomijlish  this  result  is  by 
using  riveted  connections,  and  that  the  time  will  come  when  the  failure 
of  an  iron  bridge  from  an  ordinary  accident  of  train  service  will  be 
regarded  as  discreditable  to  its  builder  and  not  excused  as  a  fault  of  the 
management.  Until  that  time  comes  we  may  expect  to  see  published 
occasionally  lists  of  bridge  failures  in  which  the  number  of  iron  jjin- 
connected  bridges  knocked  down  will  be  a  considerable  item,  however 
distasteful  the  publication  of  such  lists  may  be  to  the  builders  of  those 
bridges. 

In  closing  his  treatise  on  the  theory  and  practice  of  bridge  building, 
the  late  Squire  Whipple  uses  these  words:  "After  all,  practical  test  is 
generally  the  only  satisfactory  means  of  determining  the  value  and 
utility  of  any  mechanical  device."  It  is  when  judged  by  this  criterion 
that  the  merits  of  riveted  construction  show  at  their  best. 

C.  L.  Strobel,  M.  Am.  Soc,  C.  E. — Mr.  Cooper's  paper  contains  a 
fair  and  full  exposition  of  the  merits  of  the  American  type  of  bridge 
construction.  After  many  years'  trial,  the  American  pin-connected 
truss  is  as  firmly  rooted  in  favor  among  engineers  who  have  had  experi- 
ence with  it,  and  who  are  comijetent  to  judge  it,  as  it  ever  was.  The 
arguments  which  have  been  advanced  in  favor  of  the  riveted  lattice  as 
against  the  pin-connected  type  of  truss,  are  also  applicable  in  favor  of 
the  multiple-system  pin-connected  truss  as  against  the  single  system. 
That  these  arguments  have  not  found  favor  among  bridge  engineers  is 
proved  by  the  fact  that  the  tendency  is  universal  to  design  trusses  of 
botli  the  pin-connected  and  the  riveted  types  as  single  systems,  thereby 
reducing  the  numbfir  of  parts  and  increasing  the  definiteuess  of  strain 
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in  each  part.  The  verdict  of  engineers  has  been,  that  the  advantage 
claimed  in  favor  of  a  multii)le-8ystem  truss,  viz.,  that  it  offers  greater 
seouritv  in  case  of  accident  to  train,  is  illusory  and  of  minor  conse- 
quence compared  with  the  counter  advantages  which  a  single-system 
truss  offers,  the  most  important  of  which  is,  that  it  is  better  suited  to 
take  care  of  the  normal  or  every-day  service  for  which  a  bridge  is 
primarily  built. 

As  Mr.  Cooper  has  pointed  out,  vibrations  can  be  guarded  against  in 
a  pin-connected  truss  so  that  they  will  not  be  greater  than  in  a  riveted 
truss  ;  therefore  this  feature  has  little  or  nothing  to  do  with  the  com- 
parative merits  of  the  two  types. 

A  properly  proportioned  ijin-joint  never  gives  trouble,  but  a  properly 
proportioned  riveted  joint,  for  which  the  riveting  must  be  done  in  the 
field,  frequently  does,  for  the  following  reasons: 

First. — The  riveting  must  be  done  by  baud. 

Second.— Yieldi  riveters,  generally  speaking,  are  inferior  to  shop 
riveters  in  skill.  As  high  a  degree  of  discipline  cannot  be  maintained 
among  the  former,  and  supervision  and  control  are  more  difficult. 

Tlilrd. — It  is  frequently  difficult  to  do  field  riveting  properly  because 
of  inadequate  space  and  awkard  positions  in  which  the  men  have  to  do 
their  work,  or  the  interference  of  trains  or  bad  weather. 

Fourili. — There  will  be  loose  rivets,  notwithstanding  all  precautions 
that  can  be  taken,  so  much  so,  that  it  is  a  practice  much  to  be  recom- 
mended, to  go  over  the  work  after  the  lapse  of  a  certain  time,  say  a 
year,  to  replace  these. 

The  methods  for  determining  the  maximum  shears  and  maximum 
moments  for  wheel  loads  in  a  single  system  truss  described  by  Mr. 
Cooper  are  much  older  than  the  year  1880.  I  have  used  the  method  for 
determining  the  maximum  shears  since  1874,  but  both  methods  had  been 
taught  in  German  polytechnic  schools  jjrior  to  that.  It  cannot  be  suc- 
cessfully maintained  that  the  method  for  determining  the  maximum 
moments  is  as  short  of  application  as  the  method  of  equivalent  loads. 
Furthermore,  the  former  methods  are  not  applicable  to  draw  spans,  nor 
to  double  intersection  trusses,  still  much  used  and  a  very  advantageous 
form  in  some  cases,  nor  to  the  Petit  truss,  of  late  years  jireferred  for 
long  sjjans.  To  overcome  these  difficulties  and  to  shorten  the  work  of 
computing  the  strains,  I  adopted,  about  the  year  1879,  a  method  of  cal- 
culating the  strains  in  trusses  by  assuming  an  "  equivalent "  uniform 
load  so  determined  that  the  end  shear  (i.  e.,  the  vertical  component  of 
the  strain  in  the  end  brace)  obtained  from  it  would  be  the  same  as  the 
maximum  end  shear  for  the  actual  train  load.  At  that  time  the  engine 
load  generally  specified  was  much  heavier  than  the  freight  load  is,,  yet 
it  was  found  that  the  strains  obtained  by  this  method  were  close  ap- 
proximations to  the  strains  obtained  from  the  train  load,  except  that  in 
the  chords  of  trusses  exceeding  150  feet  in  span,  the  former  method 
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gave  an  appreciable  excess  in  the  middle  panels.  This  excess  is  about 
5  per  cent,  for  a  200  feet  span  of  eleven  panels,  Erie  train  load.  To 
overcome  this  difficulty  I  used  an  equivalent  load  for  the  chords  of  spans 
exceeding  200  feet  made  up  of  the  freight  load  covering  the  entire  span, 
and  an  excess  load  of  about  the  length  of  two  engines  of  such  value,  that 
again  the  end  shear  was  the  same  as  the  maximum  end  shear  for  train 
load. 

At  the  present  time  the  difference  between  engine  load  and  freight 
load  is  very  slight,  some  specifications  even  prescribing  a  heavier  freight 
load  than  engine  load.  That  being  the  case,  the  errors  resulting  from  a 
calculation  by  the  method  of  equivalent  loads,  using  only  one  series  of 
loads,  are  inappreciable,  and  it  is  no  longer  necessary  to  use  excess  loads 
for  the  chord  strains  of  long  spans. 

Mr.  Cooper's  table  showing  the  equivalent  loads  obtained  from 
center  moments,  from  "double  shear"  and  from  end  shear,  is  mislead- 
ing and  erroneous.  It  applies  to  Erie  train  load,  which  is  not  the  usual 
train  load  specified  at  the  present  time,  and,  because  the  difference  be- 
tween engine  and  freight  load  is  great,  would  make,  if  possible,  an  un- 
favorable showing  for  the  method  of  equivalent  loads.  The  column  giving 
equivalent  loads  from  moments  is  not  correct  for  sjDans  of  80  feet  and 
over,  i.  e.,  for  the  truss  spans.  For  these  spans  the  loads  given  in  this 
column  correspond  to  the  end  shear  of  trusses  having  panel  lengths  of 
15  to  18  feet,  and  not  to  the  center  moments.  The  panel  length  has,  of 
course,  some  influence  on  the  value  of  the  end  shear,  it  being  greater  for 
short  than  for  long  panels.  This  column  appears  to  be  taken  from  the 
specifications  of  the  Keystone  Bridge  Company,  where  the  equivalent 
loads  were  determined  in  two  ways,  viz.,  from  center  moments  for  plate 
girder  spans  (70  feet  and  under),  and  from  end  shears  for  truss  spans 
(80  feet  and  over). 

Mr.  Cooper's  "end  shears"  are  apparently  the  shears  next  to  the 
supj)ort.  There  is  no  use  for  these  shears  in  the  calculation  of  strains 
for  a  truss,  and  for  a  plate  girder.  These  end  shears  are  used  only  to 
determine  the  thickness  of  web  at  the  end  of  the  span,  also  the  strength 
of  rivet  connections,  stringers  to  floor  beams.  No  one  would  have  dif- 
ficulty in  making  the  proper  allowances  to  determine  these  correctly 
from  one  series  of  equivalent  loads. 

As  regards  the  column  of  equivalent  loads  from  "  double  shear,"  to 
be  used  in  the  calculation  of  floor  beams  and  trestle  columns,  the  ' '  span" 
has  not  been  assumed  properly.  It  must  be  taken  equal  to  two  panel 
lengths  for  floor  beams,  and  to  two  spans  for  a  trestle  column,  i.  e. ,  to  the 
distance  between  columns  on  either  side  of  the  one  considered.  Making 
this  correction  there  will  be  found  very  close  agreement  between  the 
values  of  Mr.  Coojjer's  second  and  first  columns,  where  before  there  was 
great  divergence  (see  the  following  table),  and  it  follows,  therefore,  that 
the  method  of  equivalent  loads,  using  one  series  only,  is  also  applicable 
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to  the  culc'uliilion  of  Hoor  beams  and  ti'estle  columns,  and  consequently 
also  to  vertical  suspenders  in  trusses. 

Equivalent  Loads  for  Erie  Train  Load. 
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The  figures  in  parentheses  in  third  column  are  the  equivalent  loads  from  center 
moments. 

In  the  above  table  the  difference  between  the  figures  in  third  and  in  fourth  columns 
show  the  errors  that  will  be  made  by  calculating  floor  beams  and  trestle  columns  by  the  use 
of  the  equivalent  loads  given  in  column  3.  For  column  4  the  panel  length  is  considered 
as  one-half  the  span  length. 

Mr.  Cooper's  method  of  providing  for  the  camber  by  a  fixed  addition 
to  and  deduction  from  the  lengths  of  the  chords,  is  not,  in  my  judg- 
ment, sufficiently  accurate  for  all  cases.  By  this  method  a  larger  camber 
is  provided  to  take  care  of  the  deflection  due  to  the  changes  of  length  of 
the  web  members,  for  a  shallow  than  for  a  deep  truss,  whereas  the  de- 
flection is  the  reverse,  and  for  trusses  of  irregular  form  (chords  not 
parallel)  or  those  of  the  Pettit  order,  difficulties  are  encountered  to 
determine  the  proper  lengths  of  the  web  members.  For  large  bridges  I 
have  preferred  the  following  method,  which  is  both  simple  in  applica. 
tion  for  all  forms  of  trusses,  and  accurate  as  well. 

It  is  assumed  at  the  outset  that  the  main  object  of  j^roviding  camber 
is  to  make  the  truss  take  its  most  advantageous  form  when  fully  loaded, 
i.  e. ,  when  the  chords  are  strained  to  their  maximum.     This  condition  is 
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attained,  for  a  Pratt  truss,  when  the  posts  are  phimb  and  the  chords  are 
in  straight  line  tinder  full  load.  The  top  chord  joints  will  then  be 
closed  theoretically,  the  abutting  surfaces  bearing  squarely  upon  each 
other.  The  camber  lengths  which  will  give  this  condition  are  obtained 
by  first  calculating  the  lengths  of  the  members  for  the  normal  form  of 
the  truss,  which  it  is  to  assume  under  full  load,  and  lengthening  and 
shortening  each  member  according  to  the  changes  of  length  produced 
by  the  strain  it  receives  under  this  load.  The  chord  strains  for  full  load 
are  always  known,  as  they  are  the  maximum,  but  the  strains  in  web 
members  for  this  condition  of  loading  have  to  be  calculated,  which  is 
easily  done.  If  the  posts  and  suspension  bars  are  of  the  same  length 
respectively,  it  will  be  desirable  to  take  an  average  strain  per  square 
inch  for  all  the  posts,  and  the  same  for  all  the  bars,  to  avoid  having 
these  lengths  vary  slightly  according  to  the  different  strains  per  square 
inch,  corresponding  to  this  loading,  but  for  trusses  with  variable  lengths 
of  web  members  this  approximation  need  not  be  made. 

In  conclusion  I  wish  to  express  my  high  appreciation  of  the  admirable 
manner  in  which  Mr.  Cooper  has  treated  his  comi^rehensive  subject. 

J.  A.  L.  Waddell,  M,  Am.  Soc.  C.  E. — Mr.  Cooper's  jaaper  is  most 
timely  in  that  it  refutes  the  erroneous  conclusions  of  English  engineers 
as  to  the  alleged  inferiority  of  American  railroad  bridges  in  comparison 
with  those  of  English  design  and  manufacture,  which  conclusions  were 
drawn  from  an  ill-advised  paj^er  read  a  short  time  ago  before  the  Insti- 
tution of  Civil  Engineers  by  an  American  engineer.  It  would  have  been 
much  better  for  all  concerned,  if  that  gentleman  had  presented  his  views 
on  American  bridges  to  an  American  society,  where  his  statements  and 
deductions  would  have  received  due  comment,  and  where  the  effect  of 
his  paper  would  have  been  productive  of  good;  instead  of  submitting  it 
to  those  who  are  only  too  ready  to  severely  criticise  and  throw  discredit 
upon  the  work  of  their  professional  brethren  in  this  country.  No  one 
is  more  ready  or  willing  to  exjDOse  faults  in  American  bridges  than  I, 
nevertheless,  I  contend,  and  have  in  the  past  maintained,  that  the 
modern  American  railroad  bridges  are  the  best  bridges  in  the  world;  not 
only  because  they  are  designed  according  to  strictly  scientific  principles, 
but  also  because  they  are  detailed  in  a  thoroughly  practical  manner 
with  reference  to  simplicity,  economy  and  effectiveness. 

In  comparison  with  them  the  bridges  of  English  design,  w^hich  I  have 
seen  and  read  of,  appear  to  be  very  crude  affairs.  The  English  bridges 
which  were  being  built  three  years  ago  in  Japan  involve  more  serious 
faults  of  design  than  do  the  pioneer  iron  bridges  of  the  United  States, 
that  are  now  being  taken  down  and  replaced  by  modern  structures. 
And  yet  these  Japanese  bridges  were  designed,  or  were  supposed  to  have 
been  designed,  if  the  name-plates  which  they  bore  were  reliable,  by  one 
of  the  most  prominent  English  members  of  the  Institution  of  Civil  En- 
gineers. 
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That  American  railroad  managers  have  been  so  short-sighted  and 
parsimonious  as  to  let  bridges  by  the  span  in  keen  competition  without 
emijloying  the  services  of  a  consulting  engineer,  and  that  many  struct- 
ures in  consequence  are  both  light  and  defective,  is  no  reason  for  Eng- 
lisli  engineers  to  claim  superiority  over  their  American  brethren,  when  the 
former,  while  under  no  pressure  from  competition,  but  on  the  contrary, 
with  carte  blanche  as  to  the  use  of  metal,  design  such  structures  as  those 
sold  to  the  Japanese  Government.  Was  an  American  bridge  engineer  ever 
guilty  of  designing  a  100  foot  span  railroad  truss-bridge  without  a  single 
diagonal  lateral  member  in  the  structure?  And  yet  the  standard  rail- 
road bridges  of  Japan  three  years  ago  were  built  in  this  manner!  Nor 
Avas  this  their  only  fault  of  design — the  trusses  were  entirely  unsupported 
against  overturning,  except  by  small  fish-bellied  floor  beams  which  were 
most  inefficiently  riveted  at  their  ends  to  the  bottom  chords.  As  these 
beams  were  only,  if  I  remember  rightly,  8  inches  deep  at  their  ends, 
their  actual  strength  when  tested  to  destruction  would  i^robably  be  very 
low  indeed. 

The  limiting  length  of  sisan  on  the  Japanese  roads  under  control  of 
English  engineers  was  for  a  long  time  100  feet;  but  some  three  years 
ago  there  was  built  over  the  Karasugawa  a  bridge  with  spans  of  209  feet; 
and,  mirabile  dictu,  the  design  for  said  spans  was  merely  an  amphfica- 
tion  of  the  design  for  the  100  feet  spans,  except  that  overhead  struts 
without  diagonal  laterals  were  adopted.  However,  when  the  drawings 
were  sent  to  England  for  approval,  the  upper  lateral  rods  were  jDut  in  ; 
but  the  bridge  was  built  without  a  single  lower  lateral  rod  in  its  whole 
length. 

The  accomj)anying  photograph  illustrates  very  well  the  character  of 
the  structure  (Plate  XCIII).  The  truss  depth  appears  to  be  16  or  17  feet, 
■which  is  about  what  English  authorities  regard  as  the  economic  depth  for 
a  girder  of  this  length.  American  engineers  would  make  such  spans  fuUy 
twice  as  deep  for  economy.  A  comparison  of  web  and  chords  in  the  photo- 
graph will  convince  one  that  most  of  the  metal  is  in  the  latter;  and  it  is 
well  known  to  American  engineers  that  with  parallel  chords  the  greatest 
economy  of  material  is  obtained  when  the  weight  of  the  web  is  about 
equal  to  that  of  the  chords.  European  engineers  and  technical  writers 
maintain  that  the  economic  depth  of  truss  varies  from  I  to  iV  or  even  rr 
of  the  span,  while  American  jiractice  shows  it  to  be  from  3-  to  r  of  the 
span — ^just  about  twice  as  great.  Again,  English  engineers  adopt  very 
short  panels,  while  American  engineers  use  long  ones.  Both  theory 
and  practice  prove  that  the  latter  are  superior  to  the  former  in  respect 
to  every  important  consideration,  viz. :  economy  of  material,  rigidity 
and  facility  in  erection. 

Secondary  strains  due  to  eccentric  action  of  stresses  in  both  tension 
and  compression  members  are  a  very  common  feature  in  bridges  of  Eng- 
lish design  —not  only  in  short  spans  but  also  in  the  longest  and  heaviest 
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manufactured.  Professor  W.  C.  Kernot,  M.  Am.  Soc.  C.  E.,  of  Mel- 
bourne, Australia,  in  The  Engineer  of  June  5tli,  1885,  pointed  out  how  in 
the  curved  toji  chord  of  an  important  Indian  bridge  the  intensity  of 
working  stress  varies  from  zero  on  one  side  to  twice  the  average  on  the 
other,  thus  making  the  member  only  one-half  as  strong  as  it  was 
estimated. 

For  quite  a  while  a  certain  American  engineer  has  been  advocating 
in  the  engineering  papers  that  the  building  of  pin-connected  spans  be 
abandoned,  and  that  lattice  girders  be- used  in  their  stead.  Such  action 
would  be  retrograde  and  entirely  uncalled  for,  because  pin-connected 
spans  can  be  designed  so  as  to  embody  all  the  advantages  of  riveted 
girders  without  auy  of  their  numerous  disadvantages. 

The  principal  plea  of  this  gentleman  is  that  pin-connected  bridges 
when  run  into  by  a  derailed  locomotive  or  car  will  collapse,  while  the 
lattice  girders,  on  account  of  their  multiple  system  of  cancellation,  may 
not.  But  as  it  is  practicable  to  design  all  railroad  bridges  so  that  the 
trusses  will  not  be  struck  by  derailed  trains,  or  any  permanent  part  of 
the  structure  be  injured  thereby,  it  would  be  folly  to  adopt  a  style  of 
truss  that  had  so  many  objectionable  features  as  has  the  lattice  girder. 
The  most  important  of  these  are  the  following:  Ambiguity  of  stress 
distribution  on  the  several  systems  of  triangulation,  secondary  strains 
due  to  fixed  ends  of  web  members,  the  use  of  single  angle  irons  for  dia- 
gonals, eccentric  action  of  stresses  in  chord  members,  unavoidable 
ambiguity  of  stress  distribution  on  connecting  rivets,  excessive  amount 
of  field  riveting,  and  in  long  spans  the  unnecessarily  great  dead  load 
caused  by  loss  of  section  from  rivet  holes,  the  great  number  of  parts, 
and  the  large  amount  of  what  may  be  termed  idle  metal. 

Bridges  can  be  properly  protected  against  injury  by  derailed  trains 
in  the  following  ways: 

First. — Widening  the  clear  distance  between  trusses  to  16  feet.  This 
would  also  reduce  the  danger  from  shifting  loads,  such  as  piles,  that 
occasionally  strike  the  trusses. 

Second. — By  adopting  an  efiicient  design  for  the  floor  system  proper, 
(or  ties,  rails,  guards  and  their  attachments). 

Third. — By  having  a  re-railing  apparatus  at  each  end  of  every  bridge, 
with  ditching  apparatus  at  a  convenient  distance  from  each  end,  also  a 
center  rail  extending  from  re-railing  to  ditching  apparatus. 

Fourth. — By  driving  two  very  heavy  i^rotecting  piles  in  the  embank- 
ment at  each  end  of  each  bridge,  and  bracing  them  effectually,  so  as  to 
break  up  or  push  back  any  unduly  projecting  i)ortion  of  a  car  load. 

General  managers  and  superintendents  of  railroads  are  much  to 
blame  for  the  imjiroper  styles  of  floor  system  used  on  many  American 
lines.  A  few  extra  dollars  spent  on  each  span  would  change  a  bad  floor 
system  into  a  good  one,  because  a  first-class  floor  system,  or  rather  that 
portion  of  it  above  the  stringers,  can  be  built  at  a  cost  of  four  or  five 
dollars  per  lineal  foot  of  track. 
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All  tlie  old  iron  bridges  in  present  use  should  be  thoroughly  ex- 
amined and  investigated  by  experts;  then,  if  found  deficient,  as  is  liable 
to  be  the  case,  repaired  or  replaced  as  may  seem  advisable.  I  have  had 
occasion  to  examine  a  number  of  iron  bridges  in  the  West,  which  were 
built  fifteen  or  twenty  years  ago,  and  have  found  them  invariably  dan- 
gerously weak  in  important  details.  Unless  speedily  removed,  some  of 
these  old  iron  bridges  will  surely  cause  "accidents  that  may  prove  to  be 
catastrophes. 

Eailroad  managers,  in  order  to  insure  obtaining  really  first-class 
bridges  for  their  roads,  should  either  have  complete  detailed  drawings 
and  specifications  concerning  quality  of  material,  workmanship,  &c., 
prepared  by  competent  bridge  specialists,  then  let  the  contracts  on 
schedule  prices  and  engage  competent  inspectors  to  look  after  the 
mate^'ial  during  manufacture  and  erection;  or  should  call  for  tenders 
upon  standard  si3ecifications,  submit  the  papers  of  all  the  competitors 
to  a  bridge  specialist,  and  let  him  award  the  contract,  then  have  the 
contractor  submit  complete  working  drawings  to  the  expert  for  approval 
before  manufacture  be  commenced;  and  finally,  as  before,  arrange  for 
proper  insiiection. 

It  is  decidedly  bad  policy  to  let  bridges  by  the  span,  owing  to  the 
temptation  which  the  contractor  is  subjected  to  in  regard  to  saving 
metal,  and  thus  scamping  the  work.  On  the  other  hand,  if  bridges  be 
let  by  the  pound  without  any  supervision  by  a  bridge  engineer,  they 
are  liable  to  cost  an  excessive  amount,  to  say  nothing  of  the  chance  of 
some  of  the  details  being  imperfectly  designed. 

Every  railroad  company  should  either  have  in  its  employ  a  com- 
petent bridge  engineer,  or  should  retain  some  specialist  as  consulting 
engineer  on  all  its  imjiortant  bridge  work. 

In  order  to  become  a  good  bridge  designer,  an  engineer  should  have 
experience  in  the  employ  of  both  contracting  bridge  company  and  rail- 
road company,  for  with  the  first  he  will  learn  economic  methods  of 
design,  and  with  the  second  he  can  observe  how  bridges  act  under  loads, 
and  what  are  good  and  what  are  bad  details. 

The  effect  of  keen  comi^etition  upon  bridges,  even  when  standard 
specifications  are  used,  is  often  prejudicial,  in  that,  for  the  purpose  of 
saving  a  little  material,  the  designer  will  go  to  extremes,  thus  impairing 
some  one  or  more  of  the  attributes  of  a  first-class  structure.  It  is  here 
that  the  usefulness  of  the  consulting  engineer  becomes  evident;  for  he 
would  rule  out  in  competition  such  extreme  designs.  The  various  effects 
of  wind  pressure  are  not  comj^letely  treated  in  some  standard  specifi- 
cations, consequently  bidders  will  naturally  take  advantage  of  such 
omission,  although  as  engineers  they  know  that  it  is  not  jn-oper  to  do  so. 

My  personal  experience  as  contractors'  engineer,  and  conversations 
that  I  have  had  with  bridge  comiDanies'  computers,  cause  me  to  differ 
-with  Mr.  Cooper  in  respect  to  the  facility  of  application  of  the  moment 
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diagram  in  ascertaining  stresses  in  bridge  trusses.  For  short  spans, 
square  bridges  and  panels  of  same  length  throughout,  that  method  is 
certainly  the  best;  but  for  long  sj)an  bridges  with  sub  divided  panels 
and  inclined  top  chords,  skew  bridges  and  spans  different  from  the 
ordinary,  the  uniform  load  method,  with  or  without  engine  excess,  is 
far  preferable.  It  is  most  exasperating  to  a  computer  to  be  compelled 
to  try  four  or  five  different  positions  of  the  moving  load  in  order  to 
ascertain  which  one  will  give  the  absolutely  greatest  stress  on  a  member 
of  a  sub-divided  panel  truss,  when  he  knows  that  there  will  be  hardly 
any  difference  in  the  stresses  for  all  the  positions  which  he  has  to  try. 
"With  a  uniform  load  and  two  engine  excesses  separated  by  two  panel 
lengths  (about  50  feet),  one  calculation  would  suffice.  It  would  not  do 
for  the  computer  to  guess  at  which  position  of  the  train  will  give  the 
greatest  stress,  for  the  railroad  company's  engineer  might  throw  out  his 
design  from  competition  on  account  of  not  being  quite  up  to  sj^ecifi- 
cations. 

The  method  which  I  have  adopted  in  designing  long  span  railroad 
bridges  is  to  use  the  moment  diagram  for  the  floor  system  and  primary 
truss  members,  an  equivalent  uniformly  distributed  load  for  the  chords 
and  inclined  end  posts,  and  the  uniform  car  load  headed  by  one  engine 
excess  and  accompanied  by  another  two  panel  lengths  distant  from  the 
first  for  the  main  web  members.  This  method  reduces  the  labor  of 
computation  to  a  minimum,  and  at  the  same  time  gives  results  that  are 
exact  enough  to  satisfy  any  but  a  very  captious  engineer. 

Mr.  Cooper  makes  a  very  good  point  when  he  advises  that  we  do  not 
increase  our  unit  strains  in  proportion  to  our  faith  in  new  material — 
especially  in  reference  to  short  spans,  which  are  nearly  always  made  too 
light  for  rigidity.  Moreover,  steel,  although  stronger,  is  no  stiffer  than 
wrought-iron  ;  and  as  for  short  spans  and  the  floor  systems  of  long 
spans,  rigidity  is  even  more  important  than  is  strength^ i^^ would,  in 
my  opinion,  be  well  to  use  therein  the  same  intensities  of  working 
stresses  for  both  steel  and  iron.  At  the  same  time,  in  the  trusses  of 
long  spans,  I  am  in  favor  of  straining  steel  as  high  as  good  judgment, 
based  upon  adequate  testing,  would  indicate. 

At  the  risk  of  being  considered  tedious,  I  would  again  urge  upon  the 
profession  the  organization  of  an  association  of  bridge  engineers  and 
builders  for  the  determination  of  complete  standard  specifications  for 
railroad  bridges,  and  for  the  testing  of  new  forms  of  members  and  new 
material.  Surely  the  Government  of  the  United  States  could  be  pre- 
vailed upon  to  spend  a  considerable  sum  in  testing  not  only  material  for 
and  full-sized  members  of  bridges,  but  also  the  complete  bridges  them- 
selves! We  do  not  yet  know  enough  about  the  effect  of  impact  upon 
structures  and  upon  the  members  of  structures,  and  it  is  going  to  cost 
money  to  learn  it. 

Could  not  the  American  Society  of  Civil  Engineers  persuade  the 
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Erie  spacifications  of  1878,  was  unaware  of  the  specTBciatTcrrra-Tr,.. — le 
Kilbourn  and  the  Rockton  Bridges,  the  first  issued  in  Julv,  1877,  and 
the  last  in  October  of  the  same  year,  both  esteemed  by  many  engineers 
as  "covering  the  designing,  proportioning  and  detail  of  construction 
with  that  completeness  necessary  to  give  the  railroad  company  the  full 
advantage  of  the  competitive  method  with  a  certainty  that  the  resulting 
structure  would  in  all  Avays  be  up  to  the  advanced  state  of  the  art." 

The  Kilbourn  Bridge  specifications  soon  after  their  issuance  were 
made  the  subject  matter  of  a  paper  by  C.  Graham  Smith,  President  of 
tbe  Liverpool  Society  of  Civil  Engineers,  which  paper  was  republished 
by  an  engineering  journal  in  this  country  soon  afterwards. 

A  copy  of  the  Kilbourn  Bridge  specifications  is  now  deposited  with 
the  Secretary  of  this  Society. 

There  were  so  many  calls  for  the  Rockton  specifications  immediately 
after  their  issuance  and  since,  that  only  one  coi^y  remains  in  my  charge, 
and  as  it  is  ai^fficial  paper,  I  am  unable  to  part  with  it. 

I  presume  TOpies  may  be  found  among  the  archives  of  many  of  the 
principal  bridge  building  firms  of  1877.  The  specifications  were  largely 
copied  from  subsequently. 

The  author  of  these  specifications  was  aided  materially  in  their 
preparation  by  the  late  C.  Shaler  Smith,  and  whatever  merit  they 
possess  is  largely  due  to  his  advice. 

Theodoee  Cooper,  M.  Am.  Soc.  C.  E. — When  the  paper  under  dis- 
cussion was  read  before  the  convention  of  the  Society  at  Seabriglit,  the 
author  requested  errors  of  fact  to  be  ^jointed  out,  that  corrections  might 
be  made  before  the  final  publication.  A  few  minor  changes  have  there- 
fore been  made.  Where  opinions  were  advanced  by  the  author,  criticism 
is  proper  and  desirable. 

The  author  desires  to  disclaim  any  intention  of  undervaluing  the 
services  of  many  able  bridge  builders  in  the  advancement  of  American 
bridge  work  from  his  failure  to  enter  in  detail  into  all  the  minor  steps 


ERRATA. 

Transactions,  American  Society  of  Civil  Engineers,  Vol.  XXI, 
December,  1889. 

Page  600,  16th  and  17tli  lines  from  bottom,  insert  comma  after  tlie 
word  "as,"  insert  comma  after  the  word  "spans,"  change  period  to 
comma  after  the  word  "strength,"  and  write  "it "instead  of  "It;" 
the  sentence  will  then  read  as  follows:  "and  as,  for  short  spans  and 
the  floor  systems  of  long  spans,  rigidity  is  even  more  important  than 
is  strength,  it  would,  in  my  opinion,  be  well  to  use  therein  the  same 
intensities  of  working  stresses  for  both  steel  and  iron. " 


lengths  (about  50  feet),  one  calculation  would  suflSce.  It  would  not  do 
for  the  computer  to  guess  at  which  position  of  the  train  will  give  the 
greatest  stress,  for  the  railroad  company's  engineer  might  throw  out  his 
design  from  competition  on  account  of  not  being  quite  up  to  specifi- 
cations. 

The  method  which  I  have  adopted  in  designing  long  span  railroad 
bridges  is  to  use  the  moment  diagram  for  the  floor  system  and  primary 
truss  members,  an  equivalent  uniformly  distributed  load  for  the  chords 
and  inclined  end  posts,  and  the  uniform  car  load  headed  by  one  engine 
excess  and  accompanied  by  another  two  panel  lengths  distant  from  the 
first  for  the  main  web  members.  This  method  reduces  the  labor  of 
computation  to  a  minimum,  and  at  the  same  time  gives  results  that  are 
exact  enough  to  satisfy  any  but  a  very  captious  engineer. 

Mr.  Cooper  makes  a  very  good  point  when  he  advises  that  we  do  not 
increase  our  unit  strains  in  jiroportion  to  our  faith  in  new  material — 
especially  in  reference  to  short  spans,  which  are  nearly  always  made  too 
light  for  rigidity.  Moreover,  steel,  although  stronger,  is  no  stiller  than 
wrought-iron  ;  and  as  for  short  spans  and  the  floor  systems  of  long 
spans,  rigidity  is  even  more  important  than  is  strength^ i^^ would,  in 
my  opinion,  be  well  to  use  therein  the  same  intensities  of  working 
stresses  for  both  steel  and  iron.  At  the  same  time,  in  the  trusses  of 
long  spans,  I  am  iu  favor  of  straining  steel  as  high  as  good  judgment, 
based  upon  adequate  testing,  would  indicate. 

At  the  risk  of  being  considered  tedious,  I  would  again  urge  upon  the 
profession  the  organization  of  an  association  of  bridge  engineers  and 
builders  for  the  determination  of  complete  standard  specifications  for 
railroad  bridges,  and  for  the  testing  of  new  forms  of  members  and  new 
material.  Surely  the  Government  of  the  United  States  could  be  pre- 
vailed upon  to  spend  a  considerable  sum  in  testing  not  only  material  for 
and  full-sized  members  of  bridges,  but  also  the  complete  bridges  them- 
selves! We  do  not  yet  know  enough  about  the  effect  of  impact  upon 
structures  and  upon  the  members  of  structures,  and  it  is  going  to  cost 
money  to  learn  it. 

Could  not  the  American  Society  of  Civil  Engineers  persuade  the 
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Government  to  aiipoiut  a  commission  of  three  bridge  experts  at  ade- 
quate salaries  for  the  purpose  of  conducting  a  series  of  such  tests,  and 
to  furnish  all  the  money  needed  for  same?  In  my  opinion,  it  would  be 
well  for  the  Society  to  give  this  suggestion  consideration. 

D.  J.  Whittemore,  Past  President  Am.  Soc.  C.  E. — The  thanks  of 
our  members  are  due  to  Mr.  Cooper  for  his  able  presentation  of  the  im- 
l)ortant  subject  of  which  his  paper  treats. 

As  indicating  that  the  Mississippi  Bridge  at  Minneapolis,  designed 
by  the  late  C.  Shaler  Smith,  M.  Am.  Soc.  C.  E.,  is  one  of  importance,  I 
may  say  that  it  consists  of  three  river  spans,  the  central  of  which  is 
324  feet,  and  the  shore  spans  are  each  272  feet,  and  the  grade  of  track 
on  same  is  150  feet  above  the  river. 

Probably  Mr.  Cooper,  when  he  wrote  the  paragraph  in  regard  to  his 
Erie  specifications  of  1878,  was  unaware  of  the  specifications  for  the 
Kilbourn  and  the  Rockton  Bridges,  the  first  issued  in  -July,  1877,  and 
the  last  in  October  of  the  same  year,  both  esteemed  by  many  engineers 
as  "covering  the  designing,  i^roportioning  and  detail  of  construction 
with  that  completeness  necessary  to  give  the  railroad  company  the  full 
advantage  of  the  competitive  method  with  a  certainty  that  the  resulting 
structure  would  in  all  ways  be  up  to  the  advanced  state  of  the  art." 

The  Kilbourn  Bridge  specifications  soon  after  their  issuance  were 
made  the  subject  matter  of  a  j^aper  by  C.  Graham  Smith,  President  of 
tlie  Liverpool  Society  of  Civil  Engineers,  which  paper  was  republished 
by  an  engineering  journal  in  this  country  soon  afterwards. 

A  copy  of  the  Kilbourn  Bridge  specifications  is  now  deposited  with 
the  Secretary  of  this  Society. 

There  were  so  many  calls  for  the  Rockton  specifications  immediately 
after  their  issuance  and  since,  that  only  one  copy  remains  in  my  charge, 
and  as  it  is  ar^fficial  paper,  I  am  unable  to  part  with  it. 

I  presume  TOpies  may  be  found  among  the  archives  of  many  of  the 
principal  bridge  building  firms  of  1877.  The  specifications  were  largely 
copieJ.  from  subsequently. 

The  author  of  these  specifications  was  aided  materially  in  their 
preparation  by  the  late  C.  Shaler  Smith,  and  whatever  merit  they 
possess  is  largely  due  to  his  advice. 

Theodore  Cooper,  M.  Am.  Soc.  C.  E. — When  the  j^aper  under  dis- 
cussion was  read  before  the  convention  of  the  Society  at  Seabright,  the 
author  requested  errors  of  fact  to  be  pointed  out,  that  corrections  might 
be  made  before  the  final  publication.  A  few  minor  changes  have  there- 
fore been  made.  Where  opinions  "were  advanced  by  the  author,  criticism 
is  proper  and  desirable. 

The  author  desires  to  disclaim  any  intention  of  undervaluing  the 
services  of  many  able  bridge  builders  in  the  advancement  of  American 
bridge  work  from  his  failure  to  enter  in  detail  into  all  the  minor  steps 
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of  progress.  Even  were  the  data  obtainable,  to  have  enumerated  each 
kind  and  variety  of  structure  with  the  mechanical  and  structural  details 
peculiar  to  each,  and  to  have  attempted  to  credit  to  each  able  engineer 
the  part  taken  by  him  in  such  advancement,  would  have  been  a  very 
diflBcult  and  extensive  task.  He  sought  therefore  to  confine  his  descrip- 
tions to  the  marked  stages  of  development  onh\ 

Messrs.  Pegram  and  Strobel  in  their  able  discussions  differ  from  the 
author  in  his  advocacy  of  engine  loads  in  preference  to  uniform  loads 
for  the  specified  live  loads.  They  advocate  other  methods  as  being  fully 
as  correct  and  of  more  easy  api^lication. 

While  acknowledging  that  their  methods,  differing  from  each  other, 
may  give  practically  as  good  results  for  any  particular  case  as  the 
method  advocated  in  the  paj^er,  the  author  thinks  they  have  neglected 
to  appreciate  some  important  points. 

Every  experienced  computer  of  bridge  strains  acquires  "short  cuts" 
or  methods  of  approximation  which  are  practically  correct  in  final 
results.  It  may  be  by  use  of  tables  of  equivalent  uniform  loads  for  the 
various  classes  of  engines,  by  use  of  an  engine  excess,  or  by  a  leading- 
concentrated  load.  Where  the  judgment  of  an  individual  designer  only 
has  to  be  considered,  such  methods  can  give  as  near  the  maximum  strains 
induced  by  the  traffic  of  a  particular  road  as  any  specified  engine  load. 

The  objections  to  the  use  of  such  methods  for  general  purposes  are 
as  follows  : 

First. — The  methods  of  approximation  employed  by  different  com- 
putors  are  as  various  as  the  types  of  locomotives  adopted  by  other  engin- 
eers, and  an  agreement  upon  any  one  method  would  be  very  diflScult. 

Second. — Such  methods  of  approximation  must  always  be  supple- 
mented by  certain  corrections  in  particular  cases.  Mr.  Pegram  says  : 
"  It  is  assumed  that  the  uniform  load  will  extend  over  the  panel  in  front 
of  the  concentrated  load,  and  the  half  panel  load  at  the  advanced  panel 
point  shall  be  neglected,  a  condition  in  favor  of  simplicity  and  involving 
no  error  when  it  is  an  understood  feature  of  the  calculations." 

Mr.  Strobel  says  (in  calculating  floor  beams  and  trestle  columns) : 
"It  (the  span)  must  be  taken  equal  to  two  panel  lengths  for  floor  beams 
and  to  two  spans  for  a  trestle  column." 

Third. — Where  competitive  jilans  are  submitted  the  only  method  of 
determining  the  relative  merits  of  the  strain  sheets  is  by  reference  to 
some  positive  criterion.  For  this  purpose  there  is  no  better  or  more 
correct  method  than  a  definite  engine  and  train  load. 

Fourth. — And  to  the  author's  mind  the  most  important  objection, 
the  use  of  methods  which  will  be  incomprehensible  to  the  officials  who 
have  largely  the  decision  in  determining  the  capacity  of  our  bridges. 
When  an  engineer  recommends  to  the  controlling  power  of  a  railroad 
the  desirability  of  providing  for  a  possible  future  train  load,  consisting 
of  locomotives  and  cars  of  certain  styles  and  weights,  he  puts  the  sub. 
ject  in  a  comprehensible  shape. 
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On  the  otlier  hand,  the  relative  merit  of  a  particular  uniform  load 
table  or  a  certain  excess  in  the  form  of  a  concentrated  load  cannot  be 
properly  aijjjreciated.  It  must  be  recognized  that  as  a  rule  the  decision 
in  such  matters  is  not  left  to  the  engineer.  The  average  official  who  has 
the  decision  in  such  matters  may  be  perfectly  competent  to  judge  of  the 
necessity  and  possibility  of  the  adoption  of  some  particular  kind  and 
■weight  of  rolling  stock  for  the  future,  but  he  cannot  grasp  the  import- 
ance of  specifying  some  particular  concentrated  load  in  connection  with 
a  uniform  load  to  represent  the  strains  induced  by  such  rolling  stock. 

The  methods  of  j)roviding  for  the  camber  given  by  Mr.  Strobel  and 
Mr.  Pegram  do  not  appear  to  be  as  easy  of  application  nor  more  cor- 
rect than  the  method  described  by  the  author. 

By  increasing  the  top  chord  the  desired  fractional  amount  in  excess 
of  the  lower  chord,  leaving  the  distances  between  the  chords  unchanged 
and  then  figuring  the  proper  lengths  of  the  diagonals  to  correspond, 
we  have  a  truss  in  which  all  the  members  are  of  proper  length  and  free 
from  all  strain  when  placed  on  its  side.  The  method  is  therefore  correct 
in  princi^ile  and  of  very  easy  application. 

Mr.  Pegram's  assumption  that  the  live  loads  to  be  used  in  the  future 
will  increase  as  rapidly  as  they  have  in  the  past  is  not  likely  to  be  realized. 
Unless  the  whole  railroad  system  of  the  country  is  radically  changed  so 
as  to  admit  cars  of  a  greater  carrying  cross  section  than  now,  there  is  a 
definite  limit  where  the  loads  of  the  cars  per  lineal  foot  of  track  must 
stop.  The  carrying  cross  section  of  our  freight  cars  now  does  not  vary 
far  from  55  square  feet,  and  unless  they  exceed  the  cross  section  of  a 
Pullman  car,  cannot  exceed  65  square  feet. 

Excepting  the  metals  and  heavier  minerals  and  a  limited  number 
of  special  articles,  the  freight  transported  by  our  railroads  will  not  ex- 
ceed in  weight,  as  usually  stored,  50  pounds  per  cubic  foot. 

This  weight  per  cubic  foot  will  cover  nearly  all  merchandise,  all  food 
and  grain  products,  steamer  compressed  cotton  and  bale  goods,  coal, 
coke  and  lumber — a  classification  that  will  cover  a  very  large  percentage 
of  all  our  freight,  and,  in  many  systems  where  the  heavy  ores  are  not 
handled,  the  total  traffic.  It  is  not  likely  that  the  heavier  ores  and  the 
metals  will  ever  be  loaded  to  any  large  fraction  of  the  carrying  cross 
section  of  our  present  cars. 

The  maximum  even  for  such  material  is  likely  to  be  limited  by  the 
loads  upon  the  wheels  and  rails,  and  will  not  probal)ly  exceed  what  is 
found  as  suitable  from  engine  wheel  loadings. 

It  therefore  seems  to  the  author  that  the  loads  per  lineal  foot  of  our 
maximum  trains  will  not  be  advanced  very  much  or  very  rapidly  beyond 
4  000  pounds. 

The  "100  000  pounds  "  car  of  the  Pennsylvania  Railroad  weighs  51  800 
pounds  and  is  40  feet  long  over  all,  which  is  equivalent  to  3  795  pounds 
per  lineal  foot. 

Special  cars  may  be  built  which  will  exceed  the  limit  of  4  000  pounds, 
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but  it  is  not  probable  .that  any  system  of  cars  exceeding  this  limit  will  be 
adoi^ted  for  some  yeai'S,  if  ever. 

That  any  cars  can  ever  be  used  which  will  produce  a  greater  strain 
on  any  part  of  our  bridges  than  our  present  locomotives,  is  not  believed 
by  the  author.  It  is  also  very  certain  that  however  heavy  the  cars  may 
become  the  engines  will  keep  advancing  in  nearly  equal  proportion. 

Morever,  for  the  great  mass  of  bridges  on  our  roads,  spans  less  than 
150  feet,  the  maximum  strains  must  be  produced  by  two  heavy  engines 
— an  ordinary  possibility. 

Mr.  Pegram  also  suggests  providing  for  the  effects  of  impact  by 
adopting  certain  relations  between  the  uniform  and  concentrated  loads 
advocated  by  him. 

The  author  considers  afar  better  method,  and  one  covering  other  de- 
sirable features,  is  to  use  diflferent  unit  strains  for  the  dead  and  live 
Ibads. 

Mr.  Waddell  renews  a  suggestion  that  is  popular  with  certain  engin- 
eers, the  establishing  of  standard  sjiecifications  by  some  authority, 
either  a  technical  or  governmental  one.  The  author  cannot  agree  to  any 
such  idea.  The  great  and  rapid  progress  in  the  past  has  been  without 
any  such  means,  and  at  no  time  in  the  past  could  any  such  act  have  been 
l^erformed  without  a  distinct  blocking  of  the  evolution  and  progress  of 
the  science  of  bridge  building.  Are  we  prepared  to  say  that  we  have 
now  reached  perfection  and  need  no  longer  the  conflict  of  various 
opinions  to  produce  further  advancement  ?  A  standard  would  not 
mean  the  best  result  even  of  our  present  knowledge  on  any  subject,  but 
a  compromise  to  suit  the  wishes  of  the  majority — a  result  of  the  average 
intellect,  and  not  the  belief  of  the  most  advanced  or  experienced  leaders. 

The  experience  of  the  world  has  been  ages  older  in  the  use  of  other 
materials  than  iron  or  steel,  and  yet  engineers  have  never  agreed  upon 
any  standards  for  other  constructions,  masonry,  wood  or  earth. 

We  may  each  individually  believe  we  know  all  the  knowledge  in  re- 
gard to  our  specialties,  but  we  have  no  right  to  force  other  minds 
fully  as  strong  in  their  faith  to  accept  our  ideas  as  the  ultimate. 
^'  The  specifications  named  by  Mr.  Whittemore  and  Mr.  Stowell,  as  of 
prior  claim  to  the  Erie  were  unknown  to  the  author.  On  examination  he 
still  thinks  they  are  not  such  full  and  complete  general  specifications  as 
the  Erie,  although  they  were  excellent  ones  for  that  day.  They  certainly 
were  not  known  sufficiently  to  have  exerted  that  influence  for  advance- 
ment that  has  been  credited  to  those  of  the  Erie  Railway.  The  author, 
however,  did  not  wish  to  convey  the  idea  that  he  received  no  aid  or  as- 
sistance directly  or  indirectly  from  the  exi)erience  of  other  engineers 
in  preparing  these  si^ecifications.  He  gladly  availed  himself  of  the 
advice  and  criticisms  of  some  of  the  best  of  our  bridge  engineers. 
To  the  late  C.  Shaler  Smith,  M.  Am.  Soc.  C.  E.,  to  whom  the  advance- 
ment of  American  bridge  building  owes  so  much,  he  was  especially 
indebted  for  numerous  valuable  suggestions. 
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Mr.  H.  B.  Seaman,  "from  the  several  specifications  in  his  possession," 
finds  himself  justified  in  questioning  the  assertion  of  the  author  as  to 
American  bridge  practice  in  estimating  the  lateral  forces.  He  also  de- 
cides the  motive  to  be,  not  what  the  author  has  asserted  in  his  paper, 
but  "  to  lessen  labor  and  to  facilitate  the  maniifacture  of  so  many  tons 
of  iron  in  a  certain  limited  time."  He  does  not  make  clear,  liowever,  how 
a  diflferent  method  of  estimating  the  lateral  forces  for  jireparing  a  strain 
sheet  is  going  to  aid  the  very  desirable  purpose  of  facihtating  the  manu- 
facture. 

It  would  appear  from  the  tone  of  the  discussion  upon  lattice  bridges 
that  some  of  the  advocates  for  this  class  of  structure  have  thought  in- 
justice has  been  done  to  this  type  by  the  author.  He  has  had  no  inten- 
tion to  do  other  than  justice,  and  has  i^ut  forth  fully  his  reasons  for  any 
judgment  or  opinion  expressed.  He  disclaims  any  prejudice  against  this 
type.  He  has  acknowledged  the  excellent  character  and  good  record  of 
bridges  which  have  been  built  upon  this  tyjae.  He  is  further  ready  to 
acknowledge  the  great  improvement  of  our  pin-connected  bridges  by 
the  adoption  of  features  in  use  in  lattice  bridges,  especially  such  points 
as  tend  to  greater  rigidity  of  the  structure,  as  stiff  laterals,  rigid  connec- 
tions of  the  floor  beams,  etc.  He,  however,  has  stated  that  all  the  good 
points  of  lattice  bridges  can  be  obtained  by  proper  designs  of  the  pin- 
connection  form. 

Lattice  bridges  have  also  been  influenced  and  improved  by  features 
originally  peculiar  to  the  pin-connected  bridge,  long  panels  and  the 
greater  concentration  of  parts. 

The  essential  features  of  the  two  types,  nevertheless,  remain  distinct, 
and  upon  these  points  the  relative  merits  of  the  two  systems  must  be 
determined.  The  critical  difference  between  the  two  systems  does  not 
consist  in  any  special  forms  of  the  individual  members  or  the  methods  of 
connecting  the  floor  beams  or  braces,  but  ia  the  methods  of  connecting 
together  the  essential  members  of  the  trusses  ;  and,  as  a  necessary  result 
of  these  connections,  the  different  degrees  of  accuracy  in  determining 
the  effective  lengths  of  the  members  and  the  correctness  of  the  fittings 
of  the  joints.  When  Mr.  Stowell  talks  of  the  importance  of  the  connec- 
tion of  floor  beams  and  stringers,  he  is  entirely  begging  the  question. 
The  relative  merits  of  the  two  systems  is  in  nowise  dependent  on  these 
connections.  The  accuracy  of  all  parts  of  the  pin-connected  bridge  is 
determined  at  the  shop  by  the  most  accurate  tools  and  instruments.  The 
joining  of  them  together  during  erection  is  simply  performed  by  driving 
in  the  accurately  turned  pins.  When  so  connected  the  designer  can  feel 
the  strongest  assurance  that  his  design  has  not  been  ruined  by  any 
reaming  of  holes  or  imperfect  riveting, 

The  accuracy  of  the  lattice  bridge  is  dependent  upon,  1st,  the  correct- 
ness of  the  hand-made  templet ;  2d,  the  correctness  of  the  marking  of 
the  iron  from  these  templets  ;  3d,  the  correctness  of  the  punching,  and. 
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4th,  the  faithfulness  of  the  workmen  during  erection  in  bringing  all  the 
members  to  a  perfect  fit  before  driving  the  rivets.  Then  finally  the 
perfection  of  the  joint  depends  upon  the  perfection  of  the  riveting, 
— usually  done  by  hand  on  temporary  scaffolding. 

That  good  and  satisfactory  bridges  have  been  and  are  made  in  this 
manner  is  a  credit  to  our  bridge  shops  and  workmen.  That  such  joints 
have  been  considered  good  enough  by  the  workmen  before  they  accu- 
rately coincided  or  have  been  so  incorrectly  made  that  reaming  "was 
necessary,  is  also  undoubtedly  true. 

It  is  also  true,  as  related  by  Mr.  Stowell,  that  lattice  bridges  have  been 
swung  clear  of  the  supports  by  the  temporary  use  of  bolts  and  drift 
pins.  While  an  emergency  would  justify  such  a  proceeding,  the  strongest 
advocates  of  the  lattice  system  would  hardly  consider  this  as  a  desirable 
condition  in  which  to  make  the  permanent  connections  by  riveting. 

Mr.  Bush  candidly  acknowledges  that  "the  best  type  of  pin-connected 
bridge  is  superior  to  any  riveted  bridge  in  spans  over  about  125  feet,  or» 
say,  100  feet  in  double  track  bridges." 

An  exjierienced  builder  of  lattice  bridges  has  stated  to  me  that  his  ex- 
perience has  confirmed  him  in  the  belief  that  lattice  bridges  should  not 
be  built  exceeding  180  feet. 

As  plate  girders  are  rapidly  cutting  off  the  lower  limits  and  the  upper 
limits  are  being  lowered  even  by  those  experienced  with  the  lattice  type, 
it  can  hardly  be  credited  to  the  author  as  a  prejudice  if  he  has  ventured 
to  analyze  the  reasons  for  American  engineers  preferring  certain  types 
over  others.  The  author  has  never  deprecated  the  publication  of  bridge 
accidents,  as  Mr.  Stowell  says,  but  he  does  object  to  the  collection  and 
publication  of  sensational  and  prejudicial  accounts  of  accidents  for  any 
partisan  purpose,  and  when  such  publications  are  made  by  one  holding 
an  official  position,  the  author  desires  most  distinctly  to  deny  that  such 
reports  are  to  be  considered  as  having  in  any  manner  the  weight  of 
''official  reports"  or  what  would  be  considered  in  foreign  countries  as 
unbiassed  and  carefully  digested  rejiorts  based  upon  an  official  exami- 
nation into  all  the  facts. 

Mr.  Stowell  is  fully  entitled  personally  to  the  freedom  of  any  hobby 
he  may  wish  to  indulge  in.  But  he  must  blame  no  one  for  weighing 
any  testimony  presented  by  him  in  the  light  of  his  i^rejudices.  Mr. 
Stowell  states  :  "  I  have  records  of  iiin-connected  bridges  wrecked  by 
all  of  these  common  accidents  (breaking  of  an  axle,  etc.),  but  after  years 
of  diligent  inquiry  I  have  failed  to  find  a  single  instance  where  a  riveted 
bridge  fell  in  consequence  of  any  such  accident."  Mr.  Stowell  must 
have  known  of  the  St.  George  Bridge  accident  on  the  Grand  Trunk 
Railway,  February  27th,  1889,  as  the  account  was  fully  jiublished  in  the 
Engineering  News  of  March  9th.  From  the  breaking  of  a  tire  the  train 
entered  the  bridge  derailed  ;  one  span  and  part  of  the  train  fell.  The 
bridge  was  a  lattice  bridge.     The  failure  was  in  no  manner  due  to  the 
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character  of  tlie  trusses,  but  was  a  fault  of  management  in  having  a  de- 
fective floor  system.  Mr.  Stowell's  list  consists  largely  of  pin-connected 
bridges  destroyed  for  precisely  similar  reasons.  Why  does  he  make  an 
exception  of  this  case  ?  Are  faults  of  management  on  pin-connected 
bridges  only  to  be  classed  as  bridge  failures  ? 

The  author  again  asserts  that  such  compilations  of  bridge  accidenta 
have  been  magnified  and  distorted  and  are  undoubtedly  full  of  sensa- 
tion and  inaccuracies. 

He  also  regrets  to  believe  that  when  the  law  of  probability  has  its 
full  eflfect,  the  number  of  iron  bridges  over  100  feet  span  being  as  6  500 
for  pin-connected  trusses  to  500  (Mr.  Stowell's  estimate)  for  lattice 
bridges,  Mr.  Stowell's  faith  that  lattice  bridges  cannot  be  split  open  or 
knocked  down  by  colliding  or  derailed  trains  or  other  faults  of  manage- 
ment will  be  severely  shocked. 

In  regard  to  the  publication  of  accidents  to  or  upon  bridges,  the 
author  advocates  the  fullest  records  regardless  of  any  bias  or  prejudice 
for  or  against  any  style  of  bridge.  But  such  records  should  be  classed  in 
the  proper  manner,  faults  due  to  the  type,  if  such  there  be,  faults  due  to 
the  details  or  construction  of  the  structure,  faults  of  maintenance  or 
operation.  The  purpose  of  such  publication  should  be  the  truth  and  a 
desire  to  improve  the  safety  of  our  railroads. 

It  should  also  be  borne  in  mind  that  the  bridge  designer  or 
builder  has  little  voice  in  the  methods  to  be  employed  for  guarding  or 
protecting  a  bridge.  This  point  devolves  upon  the  maintenance  of  way 
authorities. 

It  is  therefore  harmful  to  class  all  accidents  of  management  as  bridge 
accidents  and  to  put  any  part  of  the  fault  upon  the  style  of  the  struc- 
ture which  belongs  not  to  the  bridge  engineer  but  to  the  train  or  track 
management.  The  remedy  will  be  much  sooner  applied  by  making 
clear  the  true  fault  and  placing  the  blame  on  the  proper  authorities. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED     1852. 


Note. — This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinion!  advanced 
in  any  of  its  publications. 


430. 

(Vol.  XXI.— December,  1889.) 


DISCUSSION 

ON 

THE     SIBLEY    BEIDGE.- 


By  H.  V.  Hinckley,  M.  Am.  Soc.  C.  E.  and 
W.  H.  Bkeithaupt,  Am.  Soc.  C.  E. 

H.  V.  Hinckley,  M.  Am.  Soc.  C.  E. — The  following  statement  of 
prices  and  cost  of  tlie  Sibley  Bridge  is  ^interesting,  as  also  the  cost  of 
the  Blair  and  Plattsmouth  bridges,  which  I  give  here  for  comparison  : 

Cost  Exclusive  op  3  553  feet  of  Tkestlb,  East  Approach,  Peopebty 
OF  Railway  Company. 


Superstructure. 

3  spans,  396  feet  each. 

Iron,  1  545  684  pounds,  at  liceutet $65  691  57 

Steel,  2  156  252  pounds,  at  ik  ceutst 97  031  34 

$162  722  91 

1  span,  247  feet. 
561  082  pounds  iron  and  steel. 

1  span,  197  feet. 
371  295  pounds  iron  and  steel. 

2  spans,  172  feet. 
504  516  pounds  iron  and  steel. 

1  436  893  pounds  of  iron  and  steel,  at  4.45  centsf 83  941  74 

•  Transactions,  Vol.  XXI,  No.  422,  September,  1889. 
t  Erected  and  painted  two  coats. 
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Viaduct. 

1  793  882  pounds,  at  4.32  cents* $77  496  70 

False  work  as  per  contract  (same  stated  therein) 23  000  00 

For  chanfjiug  height  of  viaduct 997  03 

$328  157  38 

Miscellaneous 8  C14  55 

Total  superstructure $336  771  83 


SUBBTEDCTUBK. 

Pier  No.  1. 

Escftyation $277  79 

Concrete,  156.14  cubic  yards,  at  $0.50 1  014  91 

Masonry,  103.57  cubic  yards,  at  $14.75 1  527  66 

Coping,  13.84  cubic  yards,  at  $20 276  80 

Granite  bridge  seats,  1.78  cubic  yards,  at  $49 87  22 

Pier  A'o.  2. 

ExoaTation $500  91 

Concrete,  383.96  cubic  yards,  at  $6.50 2  495  74 

Masonry,  974.46  cubic  yards,  at  $14.75 14  373  28 

Coping,  59.84  cubic  vards,  at  $20 1  196  80 

Granite  bridge  seats,  7.78  cubic  yards,  at  $49 381  22 

Kip-rap,  212.61  cubic  yards,  at  $2 425  22 

Pier  No.  3. 

Timber  in  caisson  and  crib,  251  036.209  feet,  at  $40 $10  041  45 

Wrought-iron,  31  509.0  pounds,  at  4>i  cents 1  417  90 

Cast-iron,  1  301.0  pounds,  at  4  cents 52  04 

Sinking,  53  947.575  feet,  at  18  cents 9  710  56 

Bowlders,  19  329.75  feet,  at  35  cents 6  765  41 

Concrete  in  air  chambers,  Portland,  46.0  cubic  yards,  at  $15.50..  713  00 

Concrete  in  air  chambers,  American,  466.62  cubic  yards,  at  $14. . .  6  532  68 

Concrete  in  crib,  262.644  cubic  yards,  at  $6.50 1707  19 

Main  shaft  left  iu  caisson,  32.2  lineal  feet,  at  $10 322  00 

Masonry,  limestone,  1  554.16  cubic  yards,  at  $14.75 22  923  86 

Masonry,  granite,  150.25  cubic  yards,  at  $35 5  468  75 

Coping,"limestoue,  69.47  cubic  "yards,  at  $20 1  389  40 

Granite  bridge  seats,  7.34  cubio  yards,  at  $49 359  66 

Pier  No.  i. 

Timber  in  caisson  and  crib,  241  968.0  feet,  at  $40 $9  678  72 

Wrought-iron,  29  143.0  pounds,  at  4i  cents 1  311  44 

Cast-iron,  790.U  i^ounds,  at  4  cents  ." 31  60 

Sinking  (cubic  feet  displacement),  52  608  0  feet,  at  18  cents 9  469  44 

Bowlders  (taken  out  through  air  lock),  22  796.8  cu.  feet,  at  35  cents.  7  978  88 

Concrete  in  air  chamber,  Portland,  30.0  cubic  yards,  at  $15.50....  465  00 

Concrete  iu  air  chamber,  American,  388.81  cubic  yards,  at  $14. . .  6  443  34 

Concrete  in  crib,  333  451,  at  $6.50 2  167  43 

Main  shaft  left  in  caisson,  30.75  lineal  feet,  $10 307  50 

Masonry,  limestone,  1511.96  cubic  yards,  at  $14.76 22  301  41 

Masonry,  granite,  156.25  cubic  yards,  at  $36 5  468  78 

Coping,  limestone.  69.47  cubic  yards,  at  $20 1  389  40 

Granite  bridge  seats,  7.34  cubic  yards,  at  $49 359  66 

Pier  No.  5. 

Timber  in  caisson  and  crib,  238  653.0  feet,  at  $40 $9  646  12 

Wrought-iron,  27  061.0  pounds,  at  4>^  cents 1  217  75 

Cast-iron,  1  247.0  pounds,  at  4  cents 49  88 

Sinking,  51  142.10  feet,  at  18  cents  9  205  58 

Bowlders,  21  393.37  feet,  at  35  cents 7  489  43 

Concrete  in  air  chamber,  Portland,  28.0  cubic  yards,  at  $15.50 434  00 

Concrete  in  air  chamber,  American,  322.03  cubic  yards,  at  $14....  4  608  42 

Concrete  in  crib,  546.52  cubic  yards,  at  $6.50 3  552  ;-t8 

Main  shaft  left  in  caisson,  39.9  lineal  feet,  at  $10 399  00 

Masonry,  limestone,  1  369.01  cubic  yards,  at  $14.75 20  192  90 

Coping,  limestone,  65.92  cubic  yards,  at  $20  1  318  40 

Granite  bridge  seats,  6.78  cubic  yards,  at  $49 332  22 


$3  184  38 


67  40S  90 


*  Erected  and  painted  two  coats. 
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Pitr  No.  6. 

Timber  in  caisson  and  crib,  167  051.01  feet  at  $40... 

Wrought  iron,  18  988.00  pounds  at  4J  cents , 

Cast-iron,  1  438.00  pounds  at  4  cents 

Sinking,  43  444.86  feet  at  18  cents 

Bowlders,  10  080.00  feet  at  35  cents 

Concrete  in  air  chamber,  19.5.64  cubic  yards  at  $14. 

Concrete  in  crib,  393.45  cubic  yards  at  $6.50 

Main  shaft  left  in  caissons,  31.95  lineal  feet  at  $10... 

Masonry,  limestone,  659.06  cubic  yards  at  $14.75 

Coping,  limestone,  32.25  cubic  yards  at  $20 

Granite  bridge  seats,  6.48  cubic  yards  at  $49 


$6  682  04 

864  46 

59  52 

7  820  07 

3  528  00 

2  738  96 

2  657  42 

319  50 

9  721  14 

645  00 

317  52 

....           f^F,  lit    IS 

$4  698  88 

547  65 

37  88 

6  989  46 

1  814  40 

2  068  32 

1  772  48 

460  00 

28  00 

7  420  58 

315  40 

26  143  05 

Pier  JVo.  7. 

Timber  in  caisson  and  crib,  117  422 .  00  feet  at  $40 

Wrought  iron,  12170.0  pounds  at  4^  cents 

Cast-iron,  947 . 0  pounds  at  4  cents 

Sinking,  33  274.80  feet  at  18  cents 

Bowlders,  5  184.0  feet  at  35  cents 

Concrete  in  air  chamber,  147  737.0  cubic  yards  at  $14 

Concrete  in  crib,  272.69  cubic  yards  at  $6.50 

Main  shaft  left  in  caisson,  45.0  lineal  feet  at  $10 

Supply  shaft  left  in  caisson,  7.0  lineal  feet  at  $4 

Masonry,  limestone,  503.09  cubic  yards  at  $14.75 

Coping,  limestone,  15.77  cubic  yards  at  $20 

Pier  No.  8. 

ExcaTation $1  648  77 

Timber  in  cofferdam,  362  940  feet  at  $40 1  461  76 

Concrete  in  cofferdam,  48.89  cubic  yards  at  $6.50 317  78 

Wrought  iron  in  cofferdam,  1  165  pounds  at  4 J  cents 52  42 

Cast  iron  in  cofferdam,  508.0  pounds  at  4  cents 20  3i 

Piling,  3  360  lineal  feet  at  50  cents 1  680  00 

Timber  in  grillage,  15  282  feet  at  $40 611  28 

Timber  used  second  time,  1  282  feet  at  $25 32  05 

Wrought  iron  in  grillage,  1  479  pounds  at  4J  cents 66  56 

Cast-iron  in  grillage,  30  pounds  at  4  cents 1  20 

Masonry,  limestone,  418.45  cubic  yards  at  $14.75 6  172  14 

Coping,  limestone,  15.07  cubic  yards  at  $20 301  40 

Rip-rap,  378.32  cubic  yards  at  $2 766  64 

^      ^  13  107  32 

Pedestal  Piers, 

Excavation $2  496  13 

Concrete  in  foundation,  1  775.58  cubic  yards  at  $6.50 11  543  22 

Masonry,  limestone,  669. 71  cubic  yards  at  $16 10  715  36 

Coping,  limestone,  73.90  cubic  yards  at  $20 1  478  00 

Dowel  holes,  1  018.0  lineal  feet  at  $1 1  018  00 

Anchor  plates  fitted  and  set,  84  at  $2.50 210  00 

Timber  left  around  concrete,  2  280  feet  at  $40 115  20 

Rip-rap,  3  C09.78  cubic  yards  at  $2 7  219  56 

^      ^  34  795  46 

$322  867  67 
Miscellaneous 29  758  43 

Total  substructure $352  656  00 


iSummation. 


8up»r8truoture $336  771  83 

Substructure 362  626  00 

Surveying  and  engineering , 24  062  84 

Miscellaneous,  such  as  shore  protection,  etc 62  692  11 

Grand  Total,  November  30th,  1888 $776161  78 
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Blair  Crossing  Bridge  o\t:r  the  Missouri  KrvEK.     Erected 
1882-83.     George  S.  Morison,  Cheef  Engineer. 


Three  thi-ough  spans,  each  330  feet. . 
One  deck  span  on  west  end.  176  feet. 
One  deck  span  on  east  end,  110  feet . . 


Superstructure 


Steel. 

Pounds. 

881  548 
6  753 
4  979 


Wroupht  Iron. 

Pounds. 

1  447  148 

238  550 

110  503 


Cast-iron. 

Pounds. 

57  322 

4  325 

8  955 


Substructure. 
(Pier  No.  1  is  at  West  End  of  330  Feet  Span.) 


Height  of  pier  (masonry),  about 

Top  of  pier  to  high  water,  about 

Depth  of  water,  about 

Top  of  pier  to  bottom  of  caisson,  about. 

Cubic  yards,  masonry 

Cubic  yards,  concrete 


Pier 
No.  1. 
Feet. 


74 

4.1 

4 

112 

1  081, 

1198 


Pier 
No.  2. 
Feet. 


100 

49 

7 

117 

1562. 

589. 


Pier 
No.  3. 
Feet. 


100 

49 

32 
117 
1578.9 
592.3 


Pier 
No.  4. 
Feet. 


74 

45 

13 

112 

1  108.4 

1205.4 


Other 
Masonry. 


5.8 
252.3 


Cost  of  foundations  of  piers  Nos.  1,  2,  3  and  4 $94  364  69 

Cost  of  masonry  of  piers  Nos.  1,  2,  3  and  4 125  963  62 

Cost  of  approach  piers , 6  495  88 

Total S226  824  19 


Summary. 

Exclusive 
of  Freight. 

Superstructure $200  336  68 

Substructure 190  383  39 

Approaches 181  655  97 

Protection  works 214  238  73 

Tracks 45  915  56 

Buildings  and  tools 17  547  01 

Realestate 9  112  76 

Engineering 27  051  54 

$886  241  64 


Freight. 

Total. 

S6  188  80 

$206  525  48 

36  440  80 

226  824  19 

9  044  35 

190  700  32 

187  462  08 

401  700  81 

1  073  99 

46  989  55 

639  18 

18  186  19 

9  112  76 

27  051  54 

$240  849  20 

$1  127  090  84 

Plattsmoijth  Bridge  across  the  Missoltji  Rh^er  at  Plattsjiouth,  Neb. 
Erected  1879-1880.     George  S.  Morison,  Chief  Engineer. 

SupERSTRUCTCRE  (Commencing  at  west  end). 

120  feet  iron  viaduct,  trestle 61  529  pounds  iron poiinds  steel. 

2  spans  of   400  feet    double    intersection, 

through  trasses 702  700        "  "  983  703 

3  spans  of  200  feet,  single  intersection,  d(  ck 

plate  trusses 800  871        "  "  10  290 

1  440  feet  iron  viaduct 799  5.57        "  "  

Total 2364663        "  "  993  993 

2  000  feet  temporary  trestle,  afterwards  filled,  connected  with  east  embankment. 


612 


DISCUSSION    ON   THE   SIBLEY    BRIDGE. 


Cost  of  SupEESTRUcrnKE. 

Two  400  feet  spans $114  436  12 

Three  200  leet  spans 35  039  76 

Viaducts 3(3  236  06 

Floor  aud  painting 19  457  82 

S205 169  76 

Freight  charges 16  079  31 

Total S221  249  07 


The  two  400  feet  spans  are  across  the  deep  .water.     Highest  water   during  1877-1880  =  511 
and  lowest  495  {±i). 

The  three  200  feet  spans  cross  the  overflowed  land. 

SUBSTBUCTDBE. 

(Pier  No.  1  is  at  west  end  of  first  400  feet  span.) 


Elevation  top  of  ma- 
sonry   

Elevation  bottom  of  ma- 
sonry   

Elevation  bottom  of  con- 
crete  

Elevation  bottom  of  cais- 
son   

Cubic  yards  ruasonry  . . 

Cubic  yards  concrete... 
r  Foundation  with- 

Cost  I     oait  freight 

( Masonry 

Total,  freight  in(  lusive. 


Pier  No.  1. 


559.0 
495.0 
461.5 


800.16 
987.2 

$16  758  47 
14  450  57 
39  607  23 


559.0 
495.0 


464.2 

781.04 

945.4 

$32  567  97 
15  164  92 
56  613  86 


Pier  No.  3. 


559.0 
491.5 


444.3 

786.34 
1  467.2 

$45  461  92 
16  164  45 
71  597  48 


Pier  No.  4, 


529.5 
497.5 


442.9 

257.97 

965.7 

$36  522  23 

4  829  94 
47  075  85 


Pier  No.  5. 


528.5 
496.5 
493.7 


258.98 
58.4 

$3  945  57 

3  776  06 
9  785  40 


Pier  No.  6. 


527.5 
505.5 
502.5 


141.30 
50.9 

S626  83 

1  903  85 

2  892  02 


West  of  East  of 
No.  1.      No.  6. 


345.5 

44.7 


541.5 
195.0 


$12  517  43 
"13' 184  40 


ToT.\L  Cost. 


Substructure... 
Superstructure. 

East  approach . . 
West  approach.. 


$240  1.56  24 
221  249  07 


$33  942  48 
59  295  44 


Permanent  track 

Shore  protection . . . 

Buildings,  tools  ai  d  temporary  tracks. 
Engineering  and  incidentals 


$461  405  31  bridge  proper. 


93  237  92  approaches. 
16  209  35 
1  oil  71 
1(1  526  90 
26  950  54 


$609  941  73 


W.  H.  Bkeithaupt,  M.  Am.  Soc.  C.  E. — Mr.  Scbeizer's  poiut*  as  to 
compression  due  to  wind  ia  bottom  chord  of  400-foot  spaus  is  well  taken. 
Wind  jiresstire  will,  with  the  improbable  combination  cited,  give  result- 
ant compression  strain  in  third  panel  of  bottom  chord,  and  such  strain 
might  even  be  greater  than  that  shown,  as  a  train  of  empty  box  cars  may- 
run  under  1  000  pounds  per  running  foot  in  weight.  Opposing  it  are 
transverse  rigidity  of  floor  beam  flanges  (12^  inches  wide  with  cover 
plate  on  each)  up  to  outer  stringer,  and  eventually  friction  and  anchor 
bolts   at  pedestals,  together  ottering  resistance  with  unit   strains  well 

*  Transactions,  September,  1889,  p.  130. 
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within  elastic  limit  of  material  in  rare  cases  of  occurrence  of  above 
strain. 

Obviating  the  bending  of  intermediate  posts  when  span  deflects,  as  it 
does  in  its  regular  use  under  passing  loads,  by  enlarging  pin  holes 
where  diagonals  cross  as  described  in  the  text,  must  be  considered  of 
greater  importance  than  provision  by  means  of  this  central  pin  against 
torsion  of  post  due  to  eccentricity  of  lower  lateral  connections,  such 
torsion  being  provided  against  by  bottom  chord  pin,  as  lower  laterals 
are  directly  above  bottom  chords. 

The  end  stifleuing  strut  is  fixed  to  both  end  post  and  intermediate 
post,  being  riveted  to  each. 


jf^  y /-  3/ 


■^liiilir 

3  9358  00853053  4 


DUE  DATE 

Printed 
In  USA 

